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INTRODUCTION 
Meat packing operations are presently carried on in every 
state, yet the industry is concentrated to an important degree 
in the Midwest Combelt states. Here the largest and most 
completely integrated plants are found and most of the meat 
which moves in interstate commerce originates from these 
states. 
Fifty years ago the center of concentration of the meat 
industry was Chicago. Seventy years before, in 1840, the 
center was Cincinnati, Ohio. Observation of the westward 
shift of the meat industry over the past one hundred twenty 
years causes concern regarding the location of the industry 
50 years from now. 
The Problem 
At the present time society makes many decisions which 
affect the location of the meat industry to varying degrees. 
An example of this is the federal agency which supervises rate 
making and thus influences transportation costs, the Inter­
state Commerce Commission. In order for society to make 
decisions which are consistent with its goals, this and other 
federal agencies must evaluate the effects, both direct and 
indirect, of their decisions. One part of this large and 
complicated area of evaluation, the impact of freight rate 
changes on plant location, is the problem to which this study 
is addressed. 
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The usual definition of the meat packing industry in­
cludes 3 separate industries. The Bureau of the Census defi­
nition includes (1) the meat packing industry which is pri­
marily concerned with slaughtering but which may also perform 
any or all of the operations associated with slaughtering; 
(2) the prepared meats industry which is primarily concerned 
with prepared meats but which may also slaughter livestock; 
(3) the poultry processing industry which slaughters and pro­
cesses poultry. Of these industries the meat packing industry 
is more than six times as important as the processed meats 
industry in terms of value added by manufactura, and both are 
more important than the poultry processing industry. 
The most general description of the meat packing industry 
is in terms of size, and there are four very broad categories 
into which firms fall. Indicative of firm size is the market 
area which the firm serves. In the first category, in this 
respect, is a group of very large firms which distribute 
nationally and handle about 40 percent of the meat slaughtered 
in the United States and approximately 70 percent of the meat 
moving in interstate commerce. These firms are the "national" 
packers. 
Smaller than the national packers are the regional pack­
ers who move meat in interstate commerce but who serve only a 
particular region. Local packers, the third size group, are 
geared to supply only a small portion of each of the markets 
they serve. Smaller still are the butchers and locker-plant 
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operators who do business on a very small scale or who may be 
primarily engaged in other business than meat packing. 
The primary consideration of this study is the meat pack­
ing industry as defined by the Bureau of the Census. The 
related industries, while similar in many respects and closely 
related in terms of the production of many similar products, 
face quite different problems of industry location. It was 
not possible to include all these aspects of the meat industry 
in this study. Product flows within the meat packing industry 
were estimated on the basis of information from the 1954 Cen­
sus of Manufacturers. Figure 1 shows graphically the size of 
the product flows between the meat packing industry and the 
prepared meats industry in terms of value of the factors used 
and the products shipped, including shipments to other plants 
of the same industry. The complexity of the interindustry and 
intra-industry relationships is also indicated. 
Method of Presentation 
This study is presented in two major subdivisions. The 
first four parts consist of a survey of the relevant a priori 
information about decision making in the meat industry and the 
economic criteria which serve as basis for decisions. In the 
fifth part a model is presented as the basis for an empirical 
analysis of the livestock-meat economy. This model serves in 
testing the hypothesis regarding the impact of changes in 
freight rates on the location of meat packing plants. 
t 
Figure 1. Interindustry and intra-industry flows of livestock, fresh meats, 
and prepared meats in terms of value of shipments for 1954 (62). 
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DECISION MAKING IN THE MEAT INDUSTRY 
Decision making with regard to problems of location re­
quires information about a very large number of variables over 
an extended period of time. In practice, as such it occurs in 
a framework of risk and uncertainty. In order to reduce un­
certainty, decision makers need to evaluate with a high degree 
of precision and accuracy the many economic criteria which 
bear on their decision. Because of the somewhat irreversible 
nature of location decisions and because of their importance 
to the firm in terms of profit or loss, the success or failure 
of any firm depends greatly on successful location decisions. 
Decision Variables 
The firm's location decisions represent only one category 
of decisions which it must constantly face if it is to be 
successful. Location decisions, furthermore, are handled like 
many other important decisions. Each important decision the 
firm faces requires an evaluation of the relevant decision 
variables involved and an estimate of the effect any changes 
may have on the firm's economic position. Most decision vari­
ables are estimates of either direct or indirect costs. In 
the meat packing industry, moreover, many firms operate in a 
framework of imperfect competition and as a result these firms 
attempt to alter the demand functions they face by changing 
their expenditures. Over time, alternative sets of costs and 
incomes are associated with each alternative decision. From 
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these deliberations, an estimate of the profitability or 
desirability of each decision alternative is achieved. 
Under certainty and the assumption of maximizing firm be­
havior the decision-making process would be straightforward. 
It would entail profit computation with respect to each possi­
ble alternative decision in terms of the flow of returns and 
expenses over time. But in a situation of risk and uncertain­
ty the discounted future flows cannot be specified with pre­
cision for each alternative decision. They must be estimated 
on the basis of incomplete information about the past and the 
present. 
The meat packer places much of his output, particularly 
that part of the product which is sold fresh, on a highly com­
petitive market. Because differences in fresh meats appear 
to be associated more closely with variations in live animals 
than with the packer who prepared the meat, and because the 
consumer cannot readily identify many of the quality attri­
butes of fresh meat, these meats tend to lose their packer 
association when they appear on the retailer's shelves. While 
packers have been much more successful in differentiating 
their specialty products, such as packaged hams and other 
cured and processed meats, much of these outputs also are sold 
in very close competition with other packers and other prod­
ucts. As a result of this, packers are very conscious of the 
interrelationships with other packers and of the need to exam­
ine their behavior in the light of over-all industry perform­
8 
ance. 
With reference to short-run behavior, the price of meat 
on any market is a function of short-run supply and demand for 
meat. Further, because of the length of time necessary to 
produce livestock and convert this livestock into meat, the 
supply of meat in the short run is fixed. This fixed supply 
is reflected in the day-to-day or week-to-week price adjust­
ments which continue until the supply is moved into consump­
tion. 
Similarly, in the livestock markets, since the farmer 
must market his livestock within a certain period while they 
are in marketable condition, the supply of livestock is prac­
tically fixed in the short run. The size of this supply is 
reflected again in the price adjustments that accompany the 
movement of the livestock to slaughter. 
The packer, then, both buys and sells in markets charac­
terized by varying degrees of information held among buyers 
and sellers but in which price adjustments arbitrate the flows 
of varying qualities and amounts of product from producer to 
ultimate consumer. As a consequence, the individual packer 
prices his sales and purchases with respect to other packers 
in both factor and product markets. If he does not, he will 
either lose his market position or forego potential profits. 
The competition in such a market situation places a great deal 
of pressure on firms to make correct decisions in both the 
short run and the long run with reference to forthcoming 
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supplies and prices in their factor and product markets. 
Because potential changes in the profit positions of 
firms depend in part on changes in the location of livestock 
production and meat consumption, meat packing firms are con­
stantly seeking more profitable locations in terms of lower 
procurement, distribution and other costs or better accessi­
bility to the factor or product markets. Thus, in order to 
examine the impact of changes in a single location-decision 
variable, it is necessary to examine both the framework in 
which the decisions of the firm are achieved and relationships 
between the location of slaughter and the firm's over-all cost 
structures. 
Cost Structures in the Meat Packing Industry 
The meat packing industry is necessarily based on a proc­
ess of disassembly; livestock, a highly complex product of 
nature, is the raw material with which all processes begin. 
This dictates a rather peculiar cost structure in which the 
total costs can be divided into five distinct categories which 
include approximately 95 percent of the total expenditures of 
the industry: (1) 
Percent of total 
expenditures 
Cost of livestock 76 
Cost of labor 12 
Cost of supplies and containers 4 
Cost of transportation 2 
Cost of depreciation and taxes 1 
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The over-all cost structure of the meat packing industry 
is clearly ordered with respect to the relative importance of 
cost elements. The most important element is more than six 
times as important as the next most important cost element and 
with respect to the elements which are closest in importance 
(though they differ by as little as 1 percent of total costs), 
the larger is twice as important as the smaller. The form of 
the cost structure further indicates possible factors of firm 
organization. If, for example, a high rather than a low pro­
portion of fixed costs were indicated, and economies of large-
scale plant organization also were evident, it would be ex­
pected that the size distribution of the firms in the industry 
would be highly skewed so that there would be an extremely 
large proportion of very large firms. Because of the large 
capital requirements, entry would be restricted and the firms 
in existence would be expected to become extremely large as 
the market expanded. Apparently the opposite is true; fixed 
costs make up a very small proportion of total costs for the 
industry and large-scale plant economies are not evident. It 
is not surprising, then, that the proportion of very small 
plants -- and firms — is large (58). At the same time, how­
ever, the occurrence of a rather large number of plants with 
1,000 employees or more suggests some economies of both small-
scale and large-scale operations in particular market situa­
tions. 
The economies of small-scale operation would be expected 
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to include a more flexible inventory position, the likelihood 
of a more advantageous labor position, an efficient and in­
expensive local distribution system, and an advantageous legal 
position with respect to inspection restrictions and permis­
sible operations. Further, many firms have been organized to 
serve highly specialized markets on the basis of the demand 
for a particular quality product. These firms face a re­
stricted market but perform efficiently on a relatively small 
scale. On the other hand, the very large firms enjoy certain 
advantages inherent from specialization and division of labor; 
even though their size limits their flexibility with regard to 
their inventory position and capital requirements, they may 
partly overcome this through returns to mechanization and ad­
vertising and more efficient by-product utilization. 
Location Variables 
With regard to location decisions the firm size implica­
tions arising from the industry cost structure are felt prin­
cipally in the definition of alternative location possibili­
ties. These are defined by the firm's needs and restricted 
by the several internal limitations of the firm. 
Many small firms produce specialty products for certain 
distinct markets and the location alternatives of such a firm 
are limited to these markets. The national packers ship meat 
to all parts of the nation, and while they are interested in 
minimizing distribution costs, they must consider their over­
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all profit accounts. Thus, a great many cost considerations 
are involved which tend to emphasize those components, such as 
livestock purchases and labor, which make up the larger pro­
portion of total costs. 
A location decision consists of a choice between a number 
of alternative sites. The criteria for the choice are estab­
lished within the decision-making framework of the firm and 
are assumed to occur within the more or less restricted goal 
of profit maximization. Within the broadest application of 
these criteria, alternative choices are designated. The final 
selection is made from among these alternatives. 
Within the definition of a decision variable given above, 
an attribute of a site is a location decision variable if it 
varies from site to site. Using this criterion, the cate­
gories of location decision variables, i.e., procurement, pro­
cessing and distribution, can be subdivided into more specific 
breakdowns so that the critical location variables can be ex­
amined . 
The procurement cost category of location variables con­
tains those variables relative to the net livestock price 
transactions, and those arising from the cost of transporting 
livestock to the plant. The variations in transportation, 
charges for livestock among various plant locations are a 
function of distance and of the origin and the destination of 
the shipment and of the commodity shipped. While these 
charges can be only imperfectly predicted over time, they can 
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be closely estimated for the present. The assumption is that 
the existing transportation relationships between sites will 
be stable over time. 
Variation from site to site in the amount the packer pays 
for livestock is a function of the supply of particular quali­
ties of livestock at each site, the demands for livestock at 
each site — including alternative demands from other markets 
where the producer can sell his livestock — and the competi­
tive situation itself as represented in the degree of market 
knowledge and choice possessed by buyers and sellers in these 
markets. While the packer may attempt to place himself in a 
protected competitive position with respect to some of the 
livestock he buys by building his plant in an area where he 
will operate as a large buyer in a market of small sellers, 
the degree to which he is actually able to accomplish this de­
pends on the amount of information available to him and to the 
sellers. If the packer is the only readily available market, 
or if sellers do not have information about market opportuni­
ties, a monopsony situation may exist. In most cases, how­
ever, the sellers possess a considerable amount of information 
about alternative markets and the situation is more nearly 
competitive than monopsonistic. 
It is difficult to appraise the impact of location on 
prices paid for livestock from one source of supply versus an­
other; e.g., buying livestock from a terminal market versus 
buying at a local market in an area of concentrated and wide­
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spread production. Some packers maintain, for example, that 
the principal location advantages of supply-oriented plants 
accrue to the processing cost category in reduced shrink. But 
most of these packers also allude to the advantage of nearness 
to the livestock supplies so that early supply trends can be 
observed more readily. 
In the processing cost category of location variables, 
labor cost — a function of the market supply and demand for 
labor — is heavily influenced by the organization and compe­
tition for the labor supply of each area. Since both of these 
factors may be affected by the movement of a new plant into an 
area, this effect must be considered. The pattern of varia­
tion of labor costs from site to site, however, must be evalu­
ated individually for each location. 
A second location variable is shrink of both livestock 
and meat. To the extent that shrink can be reduced at alter­
native sites, the packer benefits by being able to produce 
relatively more meat from the same number of pounds of live­
stock. Shrink is some function of the average distance live­
stock are hauled, since livestock slaughtered on the same day 
they leave the feedlot apparently shrink less than those which 
spend more than 24 hours in transit and waiting. Considerable 
difference of opinion exists regarding the importance of 
shrink and how it is caused and prevented. The degree to 
which a packer feels this variable is important conditions 
the extent to which it enters the decision. 
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A third critical location variable in the processing cost 
category is the reliability, both seasonal and secular, of the 
supply of livestock. Short-term variability in livestock sup­
plies is costly insofar as it necessitates the additional 
costs of excess capacity of unused hours of labor time con­
tracted on a weekly basis. Efforts to locate a reliable sup­
ply have forced packers to move close to its source. But be­
cause the production of a single source is seldom sufficiently 
reliable, at certain times packers are forced to utilize an 
alternative source — usually livestock shipped in from a 
terminal. For short periods, it is cheaper to pay transporta­
tion for a small proportion of the livestock needed than to 
increase the price paid for the large proportion the packer 
still buys at his primary source. Thus, through physical 
proximity to the source the packer attempts to establish as 
reliable a supply as possible and at the same time to be in a 
favorable position with respect to alternative markets. — 
Depreciation and taxes are perhaps the most precisely 
estimated location variables. One aspect of their variation 
from site to site is the willingness of communities to offer 
varying inducements to get plants, such as special tax and 
utility considerations or upkeep and construction of roads, 
sewage disposal plants and other facilities. These considera­
tions become substantial when considered over a period of 
years. 
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Elements of a Critical Variable 
If the firm's objectives are clearly defined, location 
choices become a problem only when uncertainty exists; other­
wise, the calculation of the returns and costs for each site 
would be a computational problem which could be handled by 
clerks who would be given the objective criteria. Under un­
certainty, however, the best estimates are inadequate. 
Since the firm's estimates are quite rough, they may be 
placed in a hierarchal arrangement with respect to their im­
portance to the firm; hence, the most important variable is 
evaluated first. Choices are then restricted to those alter­
natives which appear to be favorable with respect to all vari­
ables at some minimum level and particularly favorable with 
respect to the most important variable. If there still re­
mains a group of alternative sites (rather than a single site) 
which appear to be equally favorable, these sites are eval­
uated with respect to the next most important variable, and 
so on. This process would result from the packer's knowledge 
that certain variables are more critical than others. Thus, 
with respect to certain variables, an ordinal relationship of 
importance is pictured. This ordering is a result of the cost 
structure of the meat packing industry in which the costs of 
various inputs for any firm vary widely in importance. 
No variable alone is a sufficient criterion for a loca­
tion decision. Each variable which the packer thinks critical 
must be considered since it could be a rejecting factor. It 
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is conceivable that a site could be ideally suited in every 
respect except that it is assessed extremely high taxes. 
Thus, there is some tax level at which the significance of 
that variable would outweigh the favorable situation for all 
other variables. 
But a site may be accepted on the basis of a variable of 
apparently small importance. In a situation characterized by 
uncertainty, the framework becomes lexicographic; for many of 
the location variables the variability of the estimate is 
great enough that several sites appear to be equally favor­
able. Thus, with several sites meeting the necessary condi­
tions the one site with the sufficient attributes to be chosen 
"best" could be the one most favorably endowed with respect to 
some condition of relatively small importance. 
For example, it is very likely that several sites would 
appear to be equally favorable with regard to livestock sup­
plies. The heavy supply areas of the Midwest have several 
rather large areas where plants are not heavily concentrated, 
thus allowing proximity to a high potential primary source of 
isupply. From these plant sites, several can be selected which 
are reasonably close to large livestock markets -- possibly 
terminal markets which serve adequately as alternative sources 
of supply. Since the differences in these sites cannot be 
evaluated exactly, none is clearly "best". 
Among the selected sites, more than one may have favor­
able supplies of labor. If the unfavorable sites with regard 
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to labor are removed, several may remain which are still 
equally "best" with regard to labor and livestock supply. 
In this manner, the sites may be examined with respect to 
each variable in turn. Because of uncertainty, none of the 
sites has a clear-cut advantage with respect to the more im­
portant variables; the sites appear to be more alike than they 
really are. In such a situation, the variable which would fi­
nally provide the sufficient choice criterion for the one 
"best" site would be one which initially appears to be non-
critical when examined with respect to the percent of total 
cost it contributes. In this way, transportation costs, de­
preciation or taxes might provide the basis for the decision 
even though they provide approximately 2 percent and less than 
1 percent, respectively, of the total expenditures of the in­
dustry. 
While most of the more important expenses can be esti­
mated only vaguely over time, transportation cost per unit is 
estimated more reliably. Moreover, the rate relationships be­
tween points of origin can be expected to remain almost con­
stant over time, although there is some small chance of a 
change in the rate structure such as has occurred at various 
periods in the past. Similarly, the tax and depreciation 
rates would be expected to be rather constant over time, with 
some small unknown chance for changes. In total, these costs 
over time appear to be quite predictable. As such, they are 
considered more important than they would be if predicted 
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values of other variables were not so uncertain. 
From this it follows that no cost element can be dis­
missed as insignificant on the basis of the relative propor­
tion of total costs it represents. In order to properly as­
sess the importance of any decision variable, it must be ex­
amined in the framework in which it is operational. Its im­
portance, then, will be affected by the other variables which 
are also operational and by its relationship with these vari­
ables within the firm. 
Location and Welfare 
Clearly the decisions which must be made with regard to 
location are problems to the individual firms. If it can be 
shown, however, that location decisions within the meat indus­
try are not consistent with the goals of the society, inasmuch 
as these goals can be discovered, then location decisions be­
come problems for society as well as for individual firms. 
Several aspects of the meat industry are regulated by 
various government agencies. Further, the agencies which reg­
ulate certain transportation costs as they apply to the meat 
industry may indirectly affect the location of the industry if 
the location variables associated with transportation cost are 
significant location variables to the firms. Thus, the re­
sponsibility of ascertaining the impact of changes in freight 
rates on the location of the meat industry is placed upon the 
freight rate regulating agencies; and if this impact is signif* 
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leant, the costs and returns from changes must be evaluated 
in terms of the welfare criteria of society for each change. 
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LOCATION THEORY 
Location decisions in the meat packing industry can be 
formulated in terms of location theory. This theory attempts 
to explain the changes in the component parts of the pattern 
of location in terms of the relationships which make up the 
complex of variables with which location theory is associated. 
Alfred Weber (68) provided much of the rational basis 
from which modern theories of industrial location have devel­
oped. He was concerned with finding the point of minimum cost 
for assembling raw materials, processing them and distributing 
the finished product to the consumer market. Demand was usu­
ally taken as given. Weber developed an essentially cost-
oriented approach to location theory. 
Dean (5), following Weber's approach with certain modi­
fications, classified materials according to their geographic 
nature as deposits of (1) localized materials which were (a) 
transportable or (b) immobile; and (2) ubiquities. These 
materials, by the nature of their transformation into pro­
ducts, were designated as weight-losing materials or pure ma­
terials. 
Weber's evolutionary, cost-oriented approach was held to 
be inadequate by modern location theorists because it ignored 
the market aspect of the forces of location. Losch (35), how­
ever, approached location as defined by the form and extent 
of the market in his presentation of a simple static model of 
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a space economy operating under conditions of monopolistic 
competition. Somewhat later, Isard (21) approached the prob­
lem in terms of Losch's market orientation but embraced 
Weber's cost orientation as well. He claimed a general theory 
which embraced the total spatial array of economic activities 
with attention paid to the geographic distribution of inputs 
and outputs and the geographic variations in prices and 
costs. 
With regard to the meat industry, none of the factors 
of production are immobile. Land, labor and power, although 
practically immobile, can be replaced at many sites by sub­
stitutes also in the form of land, labor and power of the 
grade required by the meat industry. In this sense, for the 
meat industry these factors of production are ubiquities for 
all acceptable sites. 
The mobility of a transportable factor of production or 
product is determined by the variation in the firm's produc­
tion and distribution costs as the factor is processed further 
from its source, i.e., the alternative costs of production at 
different points. This mobility depends on the weight-losing 
characteristics of the factor, the cost of transportation per 
unit of factor relative to the per unit transportation cost of 
products and the importance of the factor in the production 
process. Thus, a factor or product is completely mobile if it 
is readily transportable and suffers no weight loss in proc­
essing. The mobility of factors increases as their importance 
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in the production process decreases. 
The point of minimum transfer cost is near the source of 
the least mobile resource or product, and thus is near the 
market in cases where products are less mobile than resources. 
In the short run, capital investment is practically fixed and 
the livestock supply is relatively mobile so that it is less 
costly to transport livestock then to shift the plant to the 
supply. But in the longer run, investments in capital equip­
ment become less restricted and can be shifted to new sites. 
In this case, for the meat industry, it is necessary to de­
fine the relative mobility of factors and products in order to 
determine whether the plant location should be near the source 
of factor supply or, since the product may be less mobile, 
near the market. 
The criterion which establishes relative mobility is the 
relationship between product yield and the ratio of per unit 
transportation cost to the shipper for factors and for prod­
ucts; in this case, livestock and meats. If the ratio of 
livestock transportation costs per hundred pounds to the 
transportation costs per hundred pounds of meat from a point 
of livestock supply to a point of meat consumption is greater 
than product yield, then the product mobility is greater than 
the factor mobility and the plants tend to be located near the 
source of livestock supply, other things remaining equal. If 
the opposite is true, then plants would tend to be located 
near markets. These decisions as to the long-run relative 
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mobility of factors and products are achieved in the normal 
decision-making framework of the firm and depend on the pro­
jection of the economic criteria involved over the period of 
the expected life of the plant. 
Plant Concentration 
A phenomenon noted by Weber and examined more critically 
by Hoover (18) is the tendency of industries to concentrate at 
certain points. Weber's force of "agglomeration" is subdivid­
ed by Hoover into three parts: (1) plants of the same firm 
may realize economies of size by creating a large plant rather 
than several small plants at several sites. If these econo­
mies of size are greater than the increased transportation 
costs involved, firms will build large plants. (2) Several 
plants of the same industry may receive returns in the form of 
increased efficiency with regard to facilities they use joint­
ly. If the efficiencies of a given location for firms of the 
same industry are greater than the cost increases in the form 
of higher land values and taxes, increased wages for organized 
labor or more traffic, then the plants of different firms of 
the same industry will locate in the same area. (3) Firms of 
several industries will concentrate in the same area if the 
returns from urbanization, e.g., increased consumer and pro­
ducer services, are greater than the disutilities associated 
with locating in the same area in which other industries are 
concentrated. 
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The forces which influence agglomeration work both toward 
and against it. As technology improves and services become 
more efficient with respect to space, the net effect is more 
decentralization. The returns from location near other plants 
are eroded as they become increasingly available over wider 
areas at comparable costs, while the costs of centralization 
are increased by the growing competition for services and 
facilities. 
Economies of plant size may be present, however, causing 
firms to build large plants rather than several small ones. 
At the same time forces may be in operation causing decentral­
ization of the industry, The technological advances which 
promote industry decentralization may be associated with (1) 
technological advances, which increase mechanization, and (2) 
economies of size. Thus, the different effects would be mani­
fest simultaneously from a single cause. 
Further, each of the forces noted, i.e., the tendency to­
ward transportation orientation and the evaluation of relative 
factor mobility, are forces in the complex of variables which 
enter the firm's decision-making framework, and upon which 
location decisions are based. The importance of each of these 
variables must be evaluated, as noted earlier, since no single 
'variable is a clearly dominant one which completely estab­
lishes the location of the plant. Thus, an understanding of 
the characteristics of location decisions in the meat industry 
involves familiarity with the locational environment and of 
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the decision-making mechanism of the firms. 
Factor-Product Mobility in the Meat Industry 
Specialized plants 
There are at least two sectors into which the meat indus­
try can be roughly separated by type of operation: those 
plants which are specialized and those which are integrated. 
The largest plants have integrated a number of operations 
ranging from slaughtering several species of livestock, han­
dling fresh meats, preparing processed meats such as canned or 
packaged cured meats and specialty meats, and operating rather 
extensive by-product operations. Specialized plants tend to 
restrict their operations to killing or processing. These 
classifications are not exclusive, however, and degrees of 
variation occur. 
For plants which kill only, the relative factor-product 
mobility is the same as for an integrated plant to the extent 
that both ship a similar product. Relative to slaughtering 
plants, however, the factor-product mobility of processing 
plants is affected by two separate forces. The primary fac­
tor — carcasses — yields a much greater percentage of proc­
essed meat relative to livestock yield in slaughter and, at 
the same time, the ratio of transportation rates between fac­
tor and product is much larger for the processing plants. 
This larger ratio occurs because the transportation cost per 
unit of processed meat is lower than for carcasses while the 
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unit cost for carcasses is higher than for livestock so that 
the cost ratio for slaughtering plants is less than unity, but 
the ratio for processing plants is greater than unity. This 
more than offsets the change in factor yield and indicates 
that relative to the product in each case, carcasses may be 
actually less mobile than livestock as factors of production. 
These forces may still favor the location of processing 
plants near the product market since the most reliable source 
of supply for many processing plants is the public cold stor­
age warehouses generally located near large population cen­
ters. This, plus the fact that some processed meats are pre­
pared for special tastes or special markets, may cause proc­
essing plants to be market-oriented. 
Because the products of the specialized plants are dif­
ferentiated, and because they are designed for the tastes of 
particular markets, an analysis of these specialized plants 
based on the market-oriented approach of Losch appears to be 
more applicable than one based on the relative cost approach 
of Weber. But while it is true that in one case the costs 
associated with production may pose the most relevant problem 
and in another the degree of product differentiation and elas­
ticity of consumer demand for a particular product appears to 
be the dominant decision-making factor, both aspects of each 
location problem must be considered. The processing plants 
tend to be market-oriented because they sell a differentiated 
product at the consumer-retail level as well as at the whole­
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sale level for which it may be more important to spend money 
advertising than to spend money improving the efficiency of 
the production processes. The problem of finding the most ef­
ficient location for these plants is not as important as it is 
in the case of plants selling carcasses and fresh meats which 
are not a highly differentiated product. Thus, the cost-
oriented analysis is reinforced through examination of the 
characteristics of the products and the demands they face. 
Integrated plants 
In the second sector of the industry, livestock are 
slaughtered and processed into a variety of meat products. At 
the present time this sector is the most important in terms of 
value added and number of employees. Moreover, the large 
plants in this sector face the most difficult problems of lo­
cation. 
In the early stages of development of the meat industry 
livestock was the mobile factor while meat lacked mobility. 
Packing plants, therefore, were located near consumer markets. 
As the technology of transportation improved, however, and 
fresh meat became more transportable the relative factor-prod-
uct mobility became a decision-making criterion for livestock 
shippers and packers. Between 1910 and 1950 attempts were 
made to maintain a relationship between rates on livestock and 
fresh meats so that they moved with equal advantage, i.e., the 
factor-product rate ratio was kept approximately equal to the 
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factor yield. Recently, however, rates on fresh meats have 
been lowered relative to rates on livestock so that in many 
cases the product is relatively more mobile than the factors. 
Since the rates involved depend heavily on the origin and des­
tination of the shipment, the relative advantage of livestock 
or fresh meat would depend on the origin and destination of 
the factor or the product. Given the present supply areas for 
livestock and no change in other location variables, the rate-
ratio factor yield criterion indicates a tendency toward sup­
ply-orientation for integrated plants. 
Changes in Factor-Product Mobility since 1910 
The concentration point of the meat industry has shifted 
twice during the past century. In reaction to the dynamics of 
changes in population, livestock production, transportation 
facilities and public policy this concentration shifted from 
Cincinnati to Chicago in the period shortly after the Civil 
War, and from Chicago to the Cornbelt in the period following 
World War I. (See Appendix A.) With regard to the later 
shift, the meat packing industry began a decentralization 
movement away from the central markets and toward the heavily 
producing areas of Iowa, Minnesota and Nebraska shortly before 
1920. (See Appendix C and figures 2 through 5.) 
Com production shifted westward allowing livestock pro­
duction and meat packing also to move further and further 
west. This development was accompanied by a series of events 
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which began with the handling of a large proportion of the war 
contracts by the national packers. An increased proportion of 
the civilian demand was left for local packers. These packers 
in the Combe It expanded rapidly to meet this new market. 
The smaller packers were helped by both favorable labor 
costs and favorable freight rate situations. During World War 
I, more favorable rates were given for fresh meats in west-to-
east movement (6). Later freight rate structures were estab­
lished which granted more favorable rates to Combelt packers 
than those in Chicago. Further, several of the major packers 
were caught with very heavy inventories by the post-war price 
slump in 1919-1920. The smaller, interior packers had main­
tained smaller inventories and actually were favorably affect­
ed by the increased production which forced prices down, es­
pecially when the rail rate increases in 1920 gave farmers a 
further incentive to market near home. 
Also, in the 1920's, interest in cooperative marketing 
increased, which was partly inspired by farmers' apprehension 
of the "meat trust" (see Appendix A). In 1926 hog production 
decreased markedly and it became apparent that the interior 
plants were processing livestock in such large numbers that 
the packers at the central markets could no longer depend only 
on terminal market receipts. These packers at the central 
markets feared that the "orderly marketing" would affect them 
adversely and they began therefore to locate their plants so 
that they would have access to a more dependable supply of 
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livestock. 
The extent of the location shifts in the meat industry 
can be seen from Appendix C and the accompanying figures 2 
through 5. In Appendix C, the changes in the importance of 
the seven regions relative to total federally inspected slaugh­
ter are shown for the period from 1920 to 1958. Figure 2 
shows changes from 1920 to 1958 in the relative importance of 
the seven regions of the United States with respect to feder­
ally inspected slaughter of each species, while figure 3 shows 
changes at 5-year intervals from 1915 to 1955 in the relative 
importance of the seven regions with respect to total federal­
ly inspected slaughter. In figure 4 the changes in the rela­
tive importance of the East and West Northcentral regions from 
1920 to 1958 are shown. Figure 5 shows the relative impor­
tance of marketing channels for four livestock species in the 
Northcentral region in 1956. 
Duddy (6) found several factors working against the cen­
tral livestock markets and the centralized packing industry. 
For example, Chicago suffered several freight rate disadvan­
tages; shipments of livestock from interior Iowa and Missouri 
River points were favored over Chicago; livestock markets east 
of the Mississippi were denied some applications of in-transit 
privileges; from the Missouri River to Chicago the comparative 
rate structure favored the movement of fresh meat rather than 
livestock; dressed meats could be shipped direct from Omaha 
and Des Moines to Cleveland and New York at rates considerably 
Figure 2. Change in relative importance of 7 regions of 
United States in federally inspected slaughter 
of 4 species of livestock from 1920 to 1958 (57). 
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Figure 5. Relative importance of marketing channels for 4 species 
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cheaper than via Chicago. Further, the interior packers had 
substantial favorable wage differentials over Chicago. An in­
creased amount of market information allowed more "shipping 
for the best net dollar" and thus gave advantages to interior 
packers. 
Mobility and Location 
To perfectly estimate the impact of any single factor 
operating in the midst of the complex of all those factors 
which cause one location to be "better" than another for a 
given firm's operation would require a tremendous job of iden­
tification of each of the variables which operate with respect 
to every location. These problems of location nevertheless 
are solved by the members of the industry with a considerable 
degree of success. Yet, there is an aspect of efficiency 
which is of particular societal interest in this case. Soci­
ety in effect has decided to arbitrate in cases which involve 
transportation costs to the meat industry. It is consistent, 
then, for society to require that the decisions which the reg­
ulating agencies achieve be made in the light of both the di­
rect and the indirect effects these decisions have on the mem­
bers of the society. Such an appraisal would involve informa­
tion about the various relationships which influence changes 
in industry. The regulating agencies must have considerable 
quantitative information about the impact of freight rates on 
the location of meat packing facilities before they can fully 
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appraise the effects of changes in freight rates on either the 
railroads or the meat industry. This appraisal requires esti­
mates of the importance of rate changes to the meat industry 
and the adjustments in the meat industry which follow freight 
rate changes. 
Locational Equilibrium 
The analysis of locational changes in the meat packing 
industry is accomplished within the framework of location 
theory through the application of some recently developed 
linear programming techniques. The problem of describing the 
multi-dimensional framework involved in the analysis of loca­
tional changes in the meat packing industry of course has con­
cerned economists for many years. Enke (9) solved an inter­
regional trade problem by electric analogue. Samuelson (50) 
extended Enke1 s problem to include the Koopmans-Hitchcock 
transportation problem (32). By showing that Enke's problem 
could be cast in the framework of a linear maximization prob­
lem subject to linear inequalities, he related it to standard 
linear programming problems. 
Fox (11) applied the spatial equilibrium model to an em­
pirical situation by dividing the United States into ten live-
stock-feed regions and examining the livestock-feed economy at 
two levels, thus achieving an equilibrium set of flows of feed 
and a related equilibrium set of flows for livestock. In a 
later, expanded model he was able to vary the assumptions of 
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the earlier model to approximate transportation rate changes 
and drought conditions and to examine their effects on region­
al livestock shipment (12). 
Judge (25) used a spatial equilibrium model to examine 
the poultry industry, specifically the flow of eggs in a 12-
region model of the United States. In a later study, Judge 
and Wallace (29) presented a spatial equilibrium model of the 
livestock economy, again developing an optimum set of prices, 
an optimum pattern of consumption and flows of trade, and al­
lowing examination of the effects of specified changes on 
patterns of flow. 
King and Henry (30) examined the various approaches to 
interregional trading and regional specialization and, fol­
lowing Samuelson, presented a general model of interregional 
trade. They examined the problem in terms of space, form, 
and time and adapted Samuelson's maximizing framework so that 
the linear programming techniques could be used. For their 
model, they claimed applicability to a very broad area of 
decision making since they included problems of production 
and inventory as well as of transportation. 
In an interesting approach to interregional trade anal­
yses, Trammel and Seale (52) presented a technique called 
"reactive programming". This technique is particularly a-
dapted to machine use and is somewhat simpler than the mul­
tiple-simplex procedures. It depends on the concept of bas­
ing decisions of where to ship on adjusted marginal revenues, 
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thus taking account of both the demand function in the import­
ing region and the transportation cost involved. Because op­
timum prices are defined so that the price in the exporting 
region must be equal to price minus the transportation cost in 
the importing region, the flows and prices achieved by Trammel 
and Seale are the same as those achieved under similar circum­
stances by use of previous techniques. However, they achieve 
their solution through a single series of adjustments, com­
pared to a minimum of two such series necessary in the mul-
tiple-simplex approach. 
Since the objective of this study is to examine the im­
pact of changes in freight rates on industry location, it is 
necessary to conduct the analysis in its three-dimensional 
framework considering form, space and time. The analysis is 
explicitly conducted with regard to form and space with trans­
formation functions for the processing of livestock into meat, 
and for the geographical movement of either livestock or meat 
between the spatially separated transportation centers of the 
regions. Such functions for changes over time are not pos­
sible except in the case of some components of inventory cost. 
Indeed, one of the objectives of the study is to observe 
changes over time. But the effect of time on the location 
variables is implicitly considered, even though the very in­
teresting problems of inventory and seasonality are not exam­
ined in this study. 
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TRANSPORTATION COSTS AND INDUSTRY LOCATION 
Although recent rate changes have reflected efforts to­
ward a more systematic structure based on the five rate terri­
tories (illustrated in figure 6), the pattern of rates in the 
United States is still amazingly complex (34, p. 182). On the 
basis of the various ratings, tariffs provide rates between 
more than 10,000 railroad stations in the United States for 
which rates are quoted (51, p. 309). 
Structure of Rail Rates 
Rail rates fall into two categories, class rates and com­
modity rates. Within the class rate category, freight items 
are divided into 31 classes, each of which is charged a dif­
ferent rate per ton-mile= These rates are computed as some 
percentage of the fully distributed cost of the service (the 
class 1 rate) and they vary from 13 percent to 400 percent of 
the class 1 rate. 
In certain cases "exceptions to classification" are 
granted for certain commodities by some railroads. "Excep­
tions" classifications have become increasingly important, 
the volume presently moving under these ratings greatly ex­
ceeding that under normal ratings (51, p. 310). 
The most important rate category, under which approxi­
mately 85 percent of the traffic moves, is the commodity rate 
category. These rates take precedence over regular class 
rates and they are usually lower (51, p. 310). They are 
Figure 6. United States map of railroad class rate territories. 
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largely the result of the necessity to meet a competitor's 
rate for a certain haul in order to maintain or increase traf 
fic volume between two points. Commodity rates are strictly 
point-to-point rates for specified commodities and they re­
flect the cost of the service, the value of the service and 
the "judgement" of the railroad and/or the regulating agency 
involved (34, p. 459). 
Two separate aspects of freight rates are of interest to 
the livestock and meat industry; the absolute level of the 
rates and the relative level of one commodity rate with re­
spect to another. The absolute level of a rate determines 
whether or not it will be profitable for a commodity produced 
in one region to compete with the same commodity produced in 
another region ; hogs raised in the Midwest versus those pro­
duced on the West or East Coast. A high freight rate is a 
tariff protecting the producers in an area with a relative 
disadvantage in production from those with a relative advan­
tage in production. Similarly, the relative rates determine 
which of two substitute commodities can be shipped most prof­
itably. In this case, the relative rates of livestock and 
meat are important. We have previously seen that if it is to 
be equally advantageous to ship either livestock or meat the 
rate on meat will have to be related to the livestock rate by 
the reciprocal of the meat yield of the livestock, or the 
livestock rate would be the same percentage of the meat rate 
as the yield of meat from the livestock. A change in either 
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the relative rates or the yield would make shipment of either 
livestock or meat relatively profitable. 
Such considerations are of interest to the livestock pro­
ducers in the Midwest who desire rates to be as low as possi­
ble; livestock producers on the coasts who can compete more 
favorably when livestock rates are high, both absolutely and 
relatively; and Midwestern packers who desire high livestock 
rates and low meat rates, in contrast to the packers on the 
coasts who desire high rates on meats and low livestock rates. 
The freight rate structure has been changing over time 
with rates moving steadily upward, in most cases by some con­
stant percentage. In themselves, such changes would cause the 
higher rates to increase by a larger absolute amount and tend 
to discriminate against these commodities. Hass1er (14) 
points out, however, that the longer transit time on fresh-
frozen pork practically eliminates consideration of railroads 
for fresh pork movements west, but that, prior to 1954, a 
strong advantage existed for movement of hogs from the Midwest 
relative to pork, and that since that date the costs have been 
near equilibrium with a very slight advantage for hog move­
ments west before 1952, and for pork since then, for movements 
from Missouri Valley points. He further points out that the 
rate structure shifts the advantage toward pork and beef as 
origins are further east of Omaha, and toward livestock from 
points west of Omaha. Because the "truck costs on fresh hung 
beef have been about 25 cents per hundredweight under rail 
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costs . . . this is the effective alternative which places 
live shipments at a slight disadvantage" (14, p. 32). 
The Interstate Commerce Commission has never prescribed 
fixed relationship between rates on livestock and fresh meats 
but it has set fresh meat rates at approximately 150 percent 
of the livestock rate on several occasions (see figure 7). 
This relationship existed for several years until recently 
when, in 1957, the railroads published substantially lower 
rates on fresh meats from the Midwest to the West Coast and, 
in 1958, lower rates on meats were published from the Midwest 
to the East, purportedly to meet competition from motor carri 
ers. In spite of severe competition over past years, rates 
on livestock traffic have remained generally at the maximum 
level prescribed 20 years ago plus subsequent general in­
creases. The downward movements on fresh meat rates are près 
ently under investigation by the Interstate Commerce Commis­
sion in several cases. Further attempts to lower rates on 
fresh meats are presently suspended pending the outcome of 
hearings (as of the fall of 1959). 
The transportation cost structure is further complicated 
by the fact that rates on commodities are not always the same 
when moving in one direction as in an opposite direction, a 
fact resulting from the varying considerations under which 
rates are made. For example, for interterritorial rates on 
shipments from the Midwest to the South, the rate is the West 
em factor (the Western rate less 4 cents from the origin to 
Figure 7. Rail rates in cents per 100 pounds on livestock and live­
stock products as a function of mileage, 1954 (66). 
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the Mississippi River crossing) plus the Southern factor (the 
Southern rate scale beyond the River less 2 cents), while on 
movements from the South to the West the combined total rate 
scales to and from the river crossing are applicable, result­
ing in a higher charge for western movements (3). 
Rate Changes 
Rail rates are made by each railroad, often in conjunc­
tion with the rate bureaus of the railroads of each area, and 
subject to the restriction that they must be just and reason­
able and not otherwise unlawful. In cases where there is a 
question as to whether these restrictions are met, the Inter­
state Commerce Commission or the state regulatory authorities 
involved must resolve the problem. But, in the great majority 
of cases, the rates are set by the individual railroads as 
they react to the various situations in which they find them­
selves. In some instances, the impetus for rate changes comes 
from the railroad users who petition the railroads for rate 
changes. This failing, the requests are carried to the regu­
latory agencies. Even though a large proportion of rate 
changes are made without Interstate Commerce Commission par­
ticipation, the policy to which the commission adheres is 
clearly important in shaping the structure of rail rates. 
This policy in the past has been to mitigate the faults aris­
ing from unjust rates and not to attempt to rebuild the 
structure (51, p. 18). 
% 
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Background of Governmental Policy 
The criteria used to evaluate the performance of any sec­
tor of the United States economy traditionally have been es­
sentially competitive. Regulation was established in the 
transportation industry as a substitute for competition with 
the objective that this industry should operate on an even 
footing with competitive, nonregulated industries buying and 
selling in as nearly a climate of free choice as possible. 
The railroads are natural monopolies. One railroad can serve 
a given market at a much lower cost than can two similar rail­
roads. In such a situation, it is necessary that the rail­
roads be public services. 
Railroads have been in a favorable position to practice 
rate discrimination because they possess elements of monopoly 
power and sell their products in separated markets in which 
the demand for transportation services is quite different (34, 
p. 147). Thus, in cases where the short-run marginal cost ap­
peared to lie below per-unit total cost the railroads de­
creased their rates to meet competition. Using a variety of 
methods, rates were lowered to important shippers and on im­
portant commodities and the burden of the overhead costs from 
these hauls was shifted to hauls where the demand for the ser­
vice was less elastic — where competition was less severe. 
This discrimination has taken three forms : discrimina­
tion against producers; against areas; and against individual 
shippers. The discrimination against individual shippers 
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occurs when preferential rates are given shippers who ship 
large amounts — whether these large amounts be recognized by 
lower rates for a large number of cars shipped, or lower rates 
for carloads than for less-than-carload lots. Certain dis­
criminatory practices such as rebates and false bills of lad­
ing were severely regulated early in the history of transpor­
tation regulation and focused attention on all discriminatory 
practices. 
Discrimination against areas occurs when points are 
grouped into rate zones in which all points in a single zone 
pay the same rate (54, p. 607); when in-transit privileges are 
granted so that a product can be shipped under a through rate 
even though it is unloaded and processed en route; and when 
"tapered" rates are granted so that a lower rate per ton-mile 
is charged for longer hauls. Rate zones and in-transit privi­
leges discriminate against the most favorably located indus­
tries and tend to cause industries to be dispersed, while 
tapered rates tend to cause industries to be located either at 
points of supply or points of consumption. 
Regulation of the transportation industries has not re­
moved discrimination and value-of-service rate making. Argu­
ments have been made to the effect that since it is less ex­
pensive to haul carload lots relative to less-than-carload 
lots, lower rates are justified for this category. Area 
groupings are defended as an administrative convenience and 
tapered rates are explained as showing the decreasing impor-
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tance of terminal costs as they are distributed over greater 
mileage (34, p. 184). Discrimination against products is de­
fended as necessary to allow the railroads to more fully uti­
lize their capacities and to distribute their fixed costs more 
widely (34, p. 158). 
But the criterion of value-of-service pricing is not 
wholly responsible for today's rate structures because in many 
cases the value-of-service rate basis has proved to be unwork­
able. In these instances the high valued goods were also 
those which faced the most alternative transportation methods, 
i.e., they had a more elastic demand for the transportation 
service of the railroads than did the lower valued goods (39, 
p. 186). Often these are cases where technological advances 
in certain sectors of the transportation industry place the 
other sectors in close competition. In such cases the rate 
making base is influenced by competitors' rates. In other 
cases railroad rates are forced to the cost level (or below), 
because the political goal of maintenance of service forces 
continued operation. Generally, forces of competition, as 
they spring from further technological advances, force the 
railroads into a situation where their rates and services must 
meet competitors' rates and services in price and range of 
services offered. The result of these interactions is that 
today over 75,000 tariffs are published in the United States. 
Distinctions are made between items of freight to the extent 
that different rates are charged for sand for concrete and 
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sand for glass, horses for draft and horses for slaughter 
(69). 
The discrimination present in the existing freight rate 
structures has evolved from the use of principle of equal ad­
vantage as a basis for relative freight rates. Hassler (14, 
p. 32) points out that this has grown into a sort of live-and-
let-live situation "with large areas gaining or losing as in­
creases or decreases occur in the general rate level. So much 
has been said about this issue that it has taken on a moral 
significance that has squeezed out the economic ingredients 
of the problem. It can certainly be said at the outset that 
it is not good for the economy to have the relative rate 
structure oscillatory so that comparative advantage is shifted 
back and forth between livestock and meat movements. Inter­
mittent relocation and liquidation of slaughtering facilities 
in surplus and deficit areas are not economical ways of em­
ploying resources. This is a reasonable argument for arguing 
in favor of the equal advantage system, but certainly no 
justification for it. A stronger basis for resolving the 
argument, but one that could be extremely difficult to estab­
lish, is the relative cost of using services to provide ser­
vices for livestock and meat products ... In other words, 
a rate structure that reflected cost advantages would provide 
for a better utilization of resources than would one which 
maintained equal advantage through subsidization of one rate 
by the other, or by rates on other commodity lines." 
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He points out the difficulty in the estimation of such 
rates, but believes a feasible answer might be found indirect­
ly by observing the results of competitive activity in the 
transportation field and on this basis estimating relative 
costs. He further implies, "on the basis of observation of 
developments in the trucking industry, there may be some cost 
advantage in moving meat relative to livestock. If this is 
the case, it would imply that the concept of equal advantage 
does not have a very strong economic basis." 
Prospective Rate Changes 
Rather than predicting rate changes, specific alterna­
tive situations will be postulated and examined. The ele­
ments of changes in transportation rates which lead to these 
situations are assumed to be: 
(1) Rate of growth of economy and the associated 
changes in need for transportation; 
(2) Changes in competing industries (share of market 
available to each carrier); 
(3) Changes of policy of the regulatory agencies. 
Assuming that the economy will continue to grow at the 
same rate from 1959 to 1965 at which it grew from 1954 to 
1959, and that the market competition from other carriers 
will affect rate changes in the same manner in the next 6 
years that it has in the last 5 years, and that the policy of 
the regulating groups will not change, estimates of rail 
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rates in 1965 are based on observed rate changes during the 
period 1955 to 1960. The rate of change is projected forward 
six years from 1960 to 1965 (Appendix D). 
Theoretically, rail rates must fall between two limits, 
the value-of-the-service to the user being the upper limit be­
yond which the potential user will not pay, and the cost of 
the service to the railroad the lower limit below which rail­
roads cannot afford to provide the service. In the past the 
value-of-service limit has been approximated because of rea­
sons outlined above. Competition and regulation have been 
forcing rates further from this limit; competition for the 
usual obvious reasons and regulation because of the philosophy 
held by some that regulation should approximate the role of 
competition by pricing the service as closely as possible to 
its marginal cost and thus forcing rates to function more per­
fectly in their resource-allocating role. If the price elas­
ticities of demand are great enough in the case of high valued 
goods so that carriers cannot force these high valued goods to 
bear the burden of the overhead costs, then it will become in­
creasingly necessary for rail rates to reflect marginal costs. 
An alternative situation, then, would be one in which rail 
rates in 1965 were based on the marginal cost of the service. 
The Interstate Commerce Commission, Bureau of Accounts, 
Cost Finding and Valuation estimates two categories of rail 
costs associated with railroad operations; total costs and 
out-of-pocket costs (see table 1). These estimates of total 
Table 1. Comparison between rail revenue and estimated costs, 1954 (66) 
Revenue as percent of out-of-pocket 
Territory costs by freight territories, 1954 
Cattle ancj Fresh Cured 
calves Swine meat meat 
United States-United States 84 62 119 128 
Official-Official 83 48 109 106 
Southern-Southern 94 98 161 160 
Western-Western 81 65 134 147 
Official-Southern 124 60 109 118 
Southern-Official 85 55 132 
Western-Official 102 69 120 108 
Southern-Western 79 175 
Western-Southern 114 63 122 125 
Official-Western 120 123 
Table 1 (Continued) 
Fully distributed costs as percent of out-
of-pocket costs by freight territories, 1954 
Territory 
Cattle and Fresh Cured 
calves Swine meat meat 
United States-United States 74 78 106 106 
Official-Official 75 75 99 93 
Southern-Southern 81 98 140 125 
Western-Western 71 82 115 117 
Official-Southern 107 88 98 100 
Southern-Official 76 84 118 
Western-Official 90 88 107 92 
Sou thern-We stem 69 149 
Western-Southern 98 101 106 104 
Official-Western 104 99 
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cost include the elements of operating expenses, rents and 
taxes, and return on road property and equipment. They re­
flect average switching conditions and average weight of the 
load, the average length of haul, the type of equipment and 
the empty-return movement of the equipment. The out-of-pocket 
costs are computed at 80 percent of the operating expenses and 
include an allowance for return at 4 percent on 50 percent of 
the road property and 100 percent of the equipment, i.e., 62 
percent of the total property (65, p. 1). The operating ex­
penses, rents and taxes included in constant costs amount to 
20 percent of the total assigned to carload freight services. 
The remaining allowance for return includes the return on 50 
percent of the road property assignable to carload traffic 
plus return on property assignable to less than carload and 
passenger traffic and an adjustment reflecting the actual rate 
of return earned by carriers in 1954 (65, p. 2). 
In estimating the existing rail rates between regions the 
data from the Interstate Commerce Commission 1-percent waybill 
sample were aggregated to a regional basis and used as an 
estimate of rates paid for movements of specific commodities 
from region to region. The relationships between these reve­
nues and the out-of-pocket costs described above are shown in 
table 1. These estimates show that the documentary rates as 
applied to livestock and meat products generally require these 
products to bear only slightly more than the average variable 
costs for moving the traffic, and in some instances, less. 
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The fully distributed costs as calculated by the Inter­
state Commerce Commission can be taken as estimates of the 
long-run marginal cost of shipping. But since the estimates 
of the elasticities of demand for transportation services are 
thought to be negative and greater than one for livestock, the 
railroads are interested in lowering the rates on these com­
modities as much as possible. As a result, they attempt to 
shift the burden of the fixed costs to products which have 
less elastic demands for transportation services. 
If the regulating agencies were to perfectly approximate 
the competitive norm, rail rates would approximate the long-
run marginal cost of the service, i.e, the fully distributed 
costs. On the basis of their estimates of the elasticities 
of demand for transportation services, the Interstate Commerce 
Commission maintains that such rate making would lead to even 
higher rates being charged for the commodities which are pres­
ently discriminated against because they estimate that the 
demand of these goods for transportation services is quite in­
elastic and that the other demands are relatively elastic (65, 
p. 2). The resulting decreased volume hauled of the good 
with elastic demands would cause rates to be even higher for 
the others. 
Because it is not fully established that the elasticities 
of demand for transportation services are as they are assumed 
to be by the Interstate Commerce Commission and because of the 
value to the economy of being able to more perfectly allocate 
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resources using freight rates which actually reflect marginal 
costs, a second railroad freight rate structure is postulated 
in which rates are fully distributed costs of shipping. These 
rates were estimated from Interstate Commerce Commission cost 
data and projected to 1965 (see Appendix D). 
Truck Rates 
In much the same manner as rail rates are regulated, 
truck rates on livestock and meats are regulated also. But, 
in the case of truck rates, the official rates are not neces­
sarily the relevant rate which the shipper considers when he 
decides how to move his livestock or meat. It is widely known 
that a significant part of these movements take place at rates 
or costs which are probably lower than the established rates. 
Some of this movement is made by small trucking concerns which 
assume ownership of the commodities they haul; a second cate­
gory includes those producers who own their own trucks and 
equipment. Further, there are some shippers who lease the 
equipment they operate. These movements occur at cost and 
this cost is not always available. 
In some cases trucks provide services for a single com­
modity and here the per unit direct costs can be estimated as 
a function of the movement of this commodity. Since trucking 
is a highly competitive industry, the per unit freight rates 
would tend to equal the per unit costs in the long run -- es­
pecially since overhead would probably be allocated on a per 
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load basis. Also, the use of owner-operated trucks would be a 
pressure in this direction. It is not known how close the 
costs of these movements which are not under official rates 
come to the actual rate, but because there are few barriers to 
entry and most costs are variable costs, it is assumed that 
rates in the industry approach the long-run cost. 
Within these assumptions, it is possible to estimate 
truck costs by estimating the cost components as functions of 
the commodity movement. In this connection, Maki (37) iden­
tifies eight components of truck costs, with each component 
depending on seven cost factors. By using a budget method of 
interpolation he estimates factor component coefficients and 
develops estimates of competitive truck rates for certain 
specified situations. Using a similar approach, the Inter­
state Commerce Commission (64) considers costs as belonging 
to two categories: line-haul costs which include a factor for 
size of load, length of haul, backhaul, the nature of the 
product hauled ; and terminal costs which are a function of 
pick-up and delivery costs, platform-handling costs and 
billing and collecting costs. 
The most important factor affecting the per-hundredweight 
cost of shipping any full load over any given distance in any 
given size of truck is the density of the load. This deter­
mines the possible size of the load, affects the running costs 
in both pick-up and delivery costs and affects the platform-
handling costs as both ends. The size of the load influences 
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the line-haul costs and the pick-up and delivery costs; the 
length of haul and the possible backhaul affect line-haul 
costs. The traffic encountered, the circuity required and the 
perishability of the load all influence the expense of the 
service. On the basis of the recognition of these costs, the 
first step in the estimation of truck costs is the determina­
tion of which costs are variable and which are constant. The 
procedure, then, is to estimate variable costs and estimate 
constant costs as a residual, total costs less variable costs, 
and then correct variable costs by allocating constant costs 
on a per unit basis. This is done by first determining ser­
vice units, the performance of which directly occasions each 
element of expense, e.g., ton miles, tons picked up and deliv­
ered, vehicle miles, tons given platform handling, shipments 
billed. These expenses are then grouped together which are 
functions of each representative service unit, e.g., all line-
haul expenses associated with line-haul vehicle miles, ton 
miles and hours, respectively, are grouped together and vari­
able costs per service unit are obtained. Then the number of 
service units consumed for various hauls is determined and the 
service units are multiplied by the variable cost per unit in 
order to estimate variable cost. Total cost per haul is de­
termined by adding the computed variable cost to the constant 
cost as it is allocated on a per unit basis, and thus, on a 
shipment basis. 
Truck rates were estimated for 1954 on the basis of cost 
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data computed by the Interstate Commerce Commission and infor­
mation regarding typical load density, load size and backhaul 
from the meat packing companies. Estimates of actual freight 
rates were spot checked with actual shipments made in order to 
ensure that the estimates were reasonable. 
The two sets of rates, rail rates and truck rates, were 
combined into a single point-to-point rate for purposes of 
this study. The rates for the two types of carriers are dif­
ferent in many cases even though it would be expected that 
competition between the railroads and the truck lines would 
cause their rates to tend to move together for commodities 
which can be hauled by either carrier over the same route. 
Since, in certain cases, the actual truck rate is more flex­
ible, it is possible for trucks to establish clear cut ad­
vantages over some hauls. In other cases, where railroad 
rates are apparently below truck costs, railroad traffic has 
dominated the movements. An example of this situation would 
be the long hauls of livestock, long dominated by rail, versus 
short hauls of livestock, where truckers have been much more 
active. Thus, one carrier has the advantage in one case, 
while the other may have it in another. Since this is re­
flected in the volume moved by each carrier, an average of the 
two rates weighted by volume would be the appropriate rate at 
which livestock and meats moved. This volume was estimated by 
comparing the amount of livestock and meats moved by rail with 
the total amount moved, and by estimates from individual meat 
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packers regarding percentages of shipments moving by rail and 
truck. Admittedly these estimates are inadequate, but the 
more accurate estimation of these percentages was beyond the 
scope of this study. The weighted average truck and rail 
rates were compared to the rail costs computed from Interstate 
Commerce Commission data, and in most cases the two estimates 
were found to be very similar. Because of the lack of infor­
mation regarding truck costs and the distribution of shipments 
between truck and rail, rail rates were used as the best a-
vailable estimator of transportation costs. More accurate 
estimates of transportation cost would improve the reality of 
conclusions based on this model and would be needed before the 
model could be used to make recommendations based on a compar­
ison of the positive situation and the normative model. 
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EMPIRICAL ANALYSIS 
The spatial price equilibrium model employed in this 
study involves a specified number of geographical regions 
which are characterized by the production of those products 
for which they have the greatest comparative advantage. These 
livestock-meat regions constitute single, distinct markets 
characterized by regional per capita disposable incomes and 
regional supply and demand functions for the four types of 
livestock and meat. Markets are separated by unit transpor­
tation costs which are independent of direction and volume of 
shipments. The objective is to derive a set of optimum equi­
librium prices and quantities of consumption for each type of 
livestock and meat in each region, an optimum set of quanti­
ties exported or imported from each region, the aggregate net 
trade in each class and commodity and the volume and direction 
of flows of imports or exports between each possible pair of 
regions so that returns to each source are maximized and live­
stock and meats are optimally distributed at minimum transpor­
tation cost. Rather than being self-sufficient, the regions 
are assumed to specialize in the production of the livestock 
and livestock products for which they have the greatest com­
parative advantage and depend on the exports they can sell to 
finance the imports they wish to buy. Trade is assumed to 
occur in a framework of competition in which the pricing sys­
tem provides the criteria necessary to allocate the factors of 
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production and the final products. 
The analytical approach is expanded by including the lo­
cation of slaughtering and processing as well as livestock 
production and current consumption. Thus, the locational al­
ternatives are presented in rather simplified form. The im­
pact of changes in transportation costs on this optimum type 
of system can be used as a basis for estimating the impact of 
changes in freight rates on the location of the meat industry. 
In order to estimate the impact of freight rate changes 
on the location of the meat packing industry, six situations 
will be postulated. In each, an optimum trading arrangement 
will be specifically designated by minimizing over-all trans­
portation costs. These optimum systems contain as many ele­
ments as possible of the livestock-meat economy of the United 
States. The movements of livestock and meat are those which 
minimize transportation costs. 
Assumptions of the Model 
Interregional shipments are made up of the individual 
shipments of many firms, each of which is assumed to have the 
goal of maximizing profits. Thus, each will ship to the mar­
ket yielding the highest net returns per unit. Although 
"the optimum set of flows can be defined as the set 
chosen by a monopolistic firm which encompassed the 
entire industry and wished to minimize its cost of 
meeting given demands ... it can be shown that the 
resulting minimum cost set of flows is the one that 
would also be determined under the conditions of a 
perfect market . . . since the equilibrium prices 
are tied together by a specific set of transport costs 
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used in obtaining the optimum set of flows are less 
than for every possible delivery which is not made" 
(25, p. 8). 
In the conceptual framework of the model used here the 
markets are assumed to be perfectly competitive, each with a 
uniform price which is some uniform function of a specified 
number of other variables. The method used is one of compar-
itive statics. The model does not include inventory changes, 
supply changes, population changes or personal disposable per 
capita income changes during the period of one year even 
though these variables do change for different years. Trans­
portation costs are assumed to be independent of volume and 
direction of flow and products are assumed to be homogeneous, 
i.e., meat from one region is a perfect substitute for meat 
from any other region. The entrepreneurs from all regions are 
assumed to be free to maximize their profits by choosing the 
market which will yield the largest net profit. The solution 
is achieved when profit is maximized to each source subject to 
the side conditions of linear demand functions and the re­
striction that all supplies must be sold, no negative amounts 
can be shipped and that shipments will only be made to markets 
where price differences exceed costs of transportation. 
The number of trading arrangements possible within the 
restrictions of the model is finite and optimizing techniques 
make convergence toward an equilibrium solution possible, pro­
vided supplies are not so large as to depress all prices below 
transportation costs. The minimum cost solution will be opti­
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mum but will not be unique because it is possible to find e-
qually profitable alternatives. 
Although the model is designed to represent a situation 
in which three or more markets are linked by transportation 
costs, for explanatory purposes a 2-region case is shown 
graphically in figure 8. Two markets are shown, each with a 
given supply and demand for a single commodity. Price adjust­
ments and commodity flows which occur with trade can be fol­
lowed, first with zero transportation cost and then with a fi­
nite transportation cost. Here, as in the more complete mod­
el, the effects of changes in market structure and costs may 
be evaluated. The various conditions for trade between each 
region as seen in the diagram involve the same relationship 
between prices and transportation costs as in the more complex 
model. 
The Data 
Definition of regions 
The regions to be used in the model are defined to be 
homogeneous with respect to the livestock-meat economy. This 
implies that the producers in each region have specialized 
'their production and that they produce the same products and 
import the same factors of production and consumer goods. The 
extent to which a region really is homogeneous is determined 
by the proportion of the total movement of livestock and meat 
originating and terminating in that region which is intra-
Figure 8. Economics of trading. 
If no trading occurs, price in region 1 is OP^ , quantity consumed OA; 
price in region 2 is OPg, quantity consumed is OL. 
If transportation cost is zero, d^  is excess demand in 1, D' is effective 
demand in 2; Og is consumed in 2, Gl is exported to 1, price in 2 is 
OP^ ; Of is consumed in 1, of which af= gl is imported. The imported 
quantity, af, lowers price to OP4 in 1. Price differential is zero, 
which is cost of transportation. 
If transportation cost is OP^  - OPg: excess demand in 1 is lowered to 
dg. Effective demand in 2 is lowered to D1'. Price in 2 is OP5, Oh is 
consumed in 2, hi is exported to 1. Amount ae = hi imported in 1 causes 
price OPg. OPg - OP5 is cost of transportation, and is equal to 
OPi - OP2. 
: short run short run 
supply (2) 
i 
demand (2) 
demand (i) 
QUANTITY 
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regional movement. Because of the assumptions of the model, 
this intraregional movement is confounded in the aggregates 
of regional shipments and contributes errors to the estimates 
and reduces the reliability of the conclusions based on the 
model. Therefore, it is necessary to include as many regions 
in the model as is practical in an attempt to reduce these 
errors. As a result, a compromise is involved between the 
desire to portray reality as closely as possible and the prac­
tical limits of size imposed by computational restrictions. 
Availability restrictions on data dictate that regional 
boundaries coincide with state boundaries. Further, because 
the total size of the model is practically fixed by the com­
putational restrictions, it is necessary to allocate effort 
between the various sector-levels and the regional divisions 
of the livestock-meat economy. Allocating one sector-level 
for each of the two form classifications for each of the four 
major livestock species demands a model of eight sector-lev-
els. These eight levels are considered because such a break­
down makes it possible to examine effects of complementarity 
and substitution between levels. But the use of such a widely 
I expanded model dictates the use of a highly aggregated region­
al breakdown. 
The regional breakdown was specified by examining the 
transportation data from the Interstate Commerce Commission 
1-percent waybill sample. Various regional breakdowns were 
postulated and examined in order to determine which minimize 
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the movements of livestock and livestock products within re­
gions. As a practical compromise between the desire to more 
accurately portray reality and at the same time limit the num­
ber of regions used, the 7-region breakdown shown in figure 9 
was chosen. 
Transportation centers 
Within the definition of the model, each region is sepa­
rated by a transportation cost. This implies that all region­
al imports and exports originate and terminate at a single 
point (within each region) which serves as the transportation 
center. It is obvious that such points are mathematical con­
veniences rather than physical origins and destinations but it 
is also clear that they are necessary in order to allow trans­
portation rates to be presented in a manageable form with a 
single rate for each commodity from each region to every other 
region. 
Several methods can be used to choose points for trans­
portation centers. The concept of such a center is a mathe­
matical rather than a physical concept and the criteria for 
choosing the centers are also mathematical. Borrowing from 
physics the concept of a moment of force, locations can be 
chosen because they are central and because they are weighted 
by the actual origin or termination of shipments. Two obvious 
choices occur, therefore : first, the central city in a region 
where all cities are carrying on the same amount of trade ; and 
Figure 9. United States in seven regions showing 
transportation center for each region. 
REGION JUL 
REGION HI 
OMAHA 
REGION 
DENVER 
FRESNO 
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second, a very large city with a large amount of trade in a 
region which has no other cities, or in which other cities are 
of the same size and evenly distributed. 
The "center of gravity" concept may be incorporated in a 
fairly rigorous approach based on the Interstate Commerce Com­
mission 1-percent waybill sample from which the average dis­
tances between each region are calculated. These restrictions 
define a point for each region whenever any point is selected 
in any region. The transportation center in each region is 
then a specified function of any arbitrarily selected point in 
any region. In this study, an examination of several starting 
points led to the selection of New York City and the points 
shown in figure 9 as transportation centers. 
Regional Consumption and Regional Supplies 
The demand for meat is composed of the demands for beef, 
veal, pork and lamb — the four red meats. Since beef and 
pork comprise over 80 percent of the total meat consumption in 
the United States, the factors affecting the demand for beef 
and pork are the principal factors affecting the demand for 
meat. 
The quantity of per capita consumption of beef can be ex­
plained by the level of beef price, pork price, income and 
tastes, the latter in terms of a gradual effect over time. 
The effects of general changes in prices may be removed by ad­
justing each of the price and income series by the Consumers' 
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Price Index. 
The beef demand equation is as follows: 
Qit= a1 f bu?! + b12p2+ b13Yt + b14T 
where represents per capita beef consumption, P^  the price 
of beef, Pg the price of pork, Y disposable income per capita 
and T the time variable. 
The quantity of pork consumed per capita can be shown 
similarly: 
Q3t = a3 + b31P1 + b32P2 + b33Yt 1- b34T 
Thus, b^  and b^  represent estimates of the quantity price 
relationships and would be the basis for computations of own 
price elasticity of demand coefficients for beef and pork. 
Similarly, the cross price elasticities of demand can be esti 
mated from coefficients b^  and b^  and the income elastici­
ties of demand from coefficients b^  and bgg. 
The quantity of veal and of lamb and mutton consumed per 
capita can be shown similarly: 
(veal) Q2t = a2 -t- + b22Yt + b23T 
(lamb and mutton) Q4t= a^  + b^ P^ t b^ T 
In an attempt to use available data for this study when­
ever possible, estimates of the demand for meat made by Maki 
(36) were used. Using the equations described above he was 
able to fit time series data with quite good success. 
Because data on differences in regional consumption are 
77 
not available for past years, it was necessary to assume that 
the consumption flexibility coefficients for each region are 
the same for any class of meat and to adjust the constant term 
of each demand equation so that estimated consumption in each 
region was consistent with regional per capita consumption da­
ta found in the 1955 Household Food Consumption Survey made by 
the U.S. Department of Agriculture (59). Even though it was 
necessary to assume constant consumption coefficients of price 
flexibility for all regions, the facts which influence the per 
capita consumption in each region (prices and income) were 
estimated from actual data. 
Regional per capita consumption of each class of meat is 
shown as: 
Qli= ali * 0.043500 - 0.817803 P^  
+ 0.224391 P3i is 1 ... 7 
Q2i= a2i* 0.008972 Yi - 0.133348 P0± i = 1 ... 7 
Q3i- a3i* 0.07072 Yj[ f 0.289335 P 
- 0.695364 P3j. is 1 ... 7 
Q4is a4i - 0.115382 P^  i= 1 . . .7 
where is the quantity of beef consumed per capita in the 
i-th region, Y^  is the per capita personal disposable income 
in the i-th region, is the price of beef in the i-th 
region and P^  is the price of pork in the i-th region. The 
subscripts 2i and 4i represent veal and lamb, respectively, in 
the i-th region. 
78 
The spatial equilibrium model is characterized by its 
price-dependent demand equations. These equations show 
changes in price which are associated with changes in the 
other variables of the equations. They are derived algebrai­
cally from the ordinary demand equations above (see table 2). 
Supplies of livestock are assumed to be given for the 
duration of this model. Further, the demand for livestock is 
assumed to be a direct function of the packing plant capacity 
of each region. The supply of meat in each region is a direct 
function of this capacity. 
Restrictions of the model 
As the problem is formulated above, a group of primary 
products are available in fixed supply in seven regions. The 
demands for these products are interdependent, the quantities 
taken of certain products being influenced by the prices of 
substitutes and the prices of the products delivered in each 
region. The objective is to allocate the supplies of each 
product among the regions so that the supply restrictions and 
the gross equilibrium restrictions are satisfied and trans­
portation cost involved is minimized. For the primary prod­
ucts the supply restrictions ensure that consumption is limit­
ed to current supplies. Since consumption in this case is 
slaughter, this restriction implies that current slaughter 
cannot exceed current livestock production. 
Limitations corresponding to slaughter plant capacity are 
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Table 2a. Equation for computing regional prices of beef 
Pbl= 64.425081 + 0.053191 + 0.274383 Ppl - 1.222788 Qbl 
Pb2= 71.813048 + 0.053191 Yg + 0.274383 Pp2 - 1.222788 Qb2 
Pb3= 71.813048 + 0.053191 Y3 + 0.274383 Pp3 - 1.222788 Qb3 
Pb4- 48.924289 + 0.053191 Y4 +- 0.274383 Pp4 - 1.222788 Qb4 
Pb5= 48.924289 + 0,053191 Yg + 0,274383 Pp5 - 1 = 222788 Qb5 
Pb6 = 77.000824 + 0.053191 Y6 -t- 0.274383 Pp6 - 1.222788 Qb6 
Pb?= 77.000824 + 0.053191 Y? + 0.274383 P - 1.222788 Qb? 
Table 2b. Equation for computing regional prices of pork 
Ppl= 105.753048 + 0.010170 Y1 +"0.416092 PM - 1.438096 Qpl 
Pp2= 110.509398 + 0.010170 Yg+ 0.416092 Pb2 - 1.438096 Qp2 
Pp3z 110.509398 + 0.010170 Y3 + 0.416092 Pfc3 - 1.438096 Q 3 
Pp4= 109.431657 + 0.010170 Y4 + 0.416092 Pfc4 - 1.438096 Qp4 
P , = 109.431657 + 0.010170 Y, + 0.416092 PLC - 1.438096 Q , P-> J b5 p5 
PP6= 102.779691 + 0.010170 YG + 0.416092 PYG - 1.438096 QPG 
PP7= 102.779691 + 0.010170 Y? + 0.416092 PB7 - 1.438096 QP? 
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Table 2c. Equation for computing regional prices of veal 
Pvl= 72.511480 + 0.067283 Y1 - 7.499175 Q 
P 0= 24.411141 + 0.067283 Y0 - 7.499175 Q 
v2 2 v2 
Py3^  24.411141 t- 0.067283 Y3 - 7.499175 Qy3 
Pv4= 20.708334 + 0.067283 Y^  - 7.499175 Q , 
Pv5= 20.708334 + 0.067283 Yg - 7.499175 Q 
pv6" 15,765448 0.067283 Yg - 7.499175 Q , 
Py7 =15.765448 + 0.067283 Y? - 7.499175 Q 
Table 2d. Equation for computing regional prices of lamb 
PLi= 154.395970 - 8.666863 Qu 
P = 80.376279 - 8.666863 Q n 
L2 L2 
PL3 ^  80'376279 " 8.666863 Ql3 
PT/ = 68.214487 - 8.666863 Q L4 L4 
PTC r 68.214487 - 8.666863 Q 
L5 L5 
PT, =116.868071 - 8.666863 Q £ L6 L6 
PL7 =116.868071 - 8.666863 QL? 
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imposed on the demand for livestock in each region. Since the 
gross equilibrium conditions ensure that all production must 
be consumed, the solution is to find the trading arrangement 
which minimizes total transportation costs as the restrictions 
of the model are met. Algebraically, the supply and demand 
restrictions and the gross equilibrium conditions for the pri­
mary products level are as follows: 
(1) Supply of livestock: 
Z represents production, * represents a predetermined 
variable in this model, k represents any constant. 
(2) Demand for livestock: 
P represents price, Q represents consumption (which is 
slaughter at this level in the model). 
(3) Gross equilibrium condition for livestock: 
(cattle) 
(calves) 
(hogs) 
(lambs) 
pc=£(Qc> 
Px = f<Qx> 
Ph = f(Q*> 
\ =f(QÎ> 
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i = 1  .  .  . 7  
1 = 1 .  .  . 7  
where i represents regions one through seven. 
Similarly, at the fresh meat level, the model consists of 
two sets of restrictions and one set of equilibrium condi­
tions. At this level the demand restrictions consist of func­
tional relationships which describe the necessary consumption 
adjustments for own prices and prices of substitute quanti­
ties, thus describing the interdependence of the demands for 
the various types of meat. Algebraically, these restrictions 
and equilibrium conditions are as follows: 
(4) Supply of meat: 
where Z represents the production of each meat respectively. 
(5) Demand for meat: 
where Q represents consumption and Y represents per capita 
disposable income. 
Zb= f(Q?) 
zv= £(Q*) 
V f«h> 
zx= £(Q*) 
(beef) 
(veal) 
(pork) 
(lamb) 
pb= £(Qb; Y; y 
V f<V Y) 
Vf%;.Y; V 
» f(Ql) 
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(6) Gross equilibrium condition for meat: 
i = 1  .  .  . 7  
i = 1 . . . 7 
i= 1 . . .7 
i = 1 . . .7 
In addition to the gross equilibrium conditions the model 
contains the detailed equilibrium conditions which determine 
the pattern of interregional trade and regional price differ­
entials (see figure 8). 
Except for the gross equilibrium conditions the model 
contains seven equations for each of those shown above, one 
for each region; 112 equations in all. At this stage the mod­
el is simplified by the assumptions that livestock production 
and slaughter are constants. Because of these assumptions the 
livestock level of the model actually becomes a transportation 
model with only the meat level being a true spatial equilibri­
um model. 
Solution of the model 
Although there are several recent techniques available 
for solving spatial equilibrium models, each goes through a 
similar sequence of steps. First, a trading arrangement is 
designed which generates a particular price structure. Sec­
ond, the flows between regions, given this trading arrange-
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ment, are worked out so as to minimize transportation cost 
while satisfying the restrictions of the model. Finally, this 
solution is tested to see whether or not it meets the profit 
restriction. 
For any set of regions, a finite number of trading ar­
rangements exists. Given the individual production and demand 
characteristics of each region and its geographical location, 
and transportation costs to other regions, the number of logi­
cal trading arrangements which must be examined in search of 
the least cost arrangement is obviously much smaller. Since, 
at the spatial price equilibrium, prices in all regions will 
differ only by the cost of transportation between them, the 
definition of a trading arrangement specifies a set of price 
differences in all regions. The actual price level depends on 
the various consumption functions and must be adjusted so con­
sumption just equals production. This is done by beginning 
with any arbitrarily chosen set of prices which meet the re­
striction of price differences defined by the trading arrange­
ment, and adjusting the general level of prices as required to 
adjust consumption to production. The constant amount by 
which each price must be adjusted is computed as follows: 
bi 
where A p^  is the necessary price adjustment constant, ^  
is the difference between production and consumption at the 
initial, arbitrarily chosen price level and b^  is coefficient 
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of change in per capita consumption per unit of change in the 
respective meat price. 
Once the general equilibrium conditions of the model are 
met, the equilibrium prices are specified. Having these 
prices, it is simple to calculate the consumption requirements 
for each region using the regional demand functions. The re­
gional surpluses and deficits are then calculated and the 
surpluses allocated among the deficit regions so as to mini­
mize total transportation costs. 
The adjustments of the model can be made by hand, by desk 
calculator or by high speed computer, depending on the size 
and complexity of the problem. For this model a desk calcu­
lator proved sufficient, even though the model contained seven 
regions and was solved for four primary products and four 
interrelated secondary products. The allocations within each 
trading arrangement were made using the simplex method to min­
imize total cost. The surplus and deficit supplies from each 
region furnished the restrictions and the total transportation 
costs were minimized in the objective function. 
Once a trading arrangement has been postulated and a 
least cost allocation designed, it remains to compare the 
equilibrium prices achieved by this trading arrangement with 
the initial prices of the model to ensure that no further 
trading can profitably take place. If when a trading arrange­
ment is thus examined, no further profitable trade alterna­
tives appear, the solution is an optimum least cost solution. 
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The spatial price equilibrium model used in this study is 
also designed to consider the interrelationships among the de­
mands for fresh meat. These relationships are defined in the 
(demand function and require that the solution of each sector-
level consider price changes resulting from the solution of 
any other sector-level. These interrelationships are handled 
by a series of gradually decreasing adjustments which neces­
sarily approach zero because the coefficients which define the 
necessary adjustments are greater than zero but smaller than 
one. Thus the beef price adjustment, A Pp required to com­
pensate for a change in pork price, P^ , can be written as 
follows: 
ap j=  b13ap3 
bU 
where b^  is the change in beef consumption associated with a 
one unit change in pork price and b^  is the change in beef 
consumption associated with a one unit change in beef price. 
Since b13 is greater than zero but smaller than one, the 
bll 
adjustments always approach zero. This process of adjustment 
is continued for all products until the changes become non­
significant. 
This analytical approach is restricted insofar as it in­
volves the technique of assumption that all markets are 
strictly competitive. The market for each livestock region is 
some function of a specified number of explanatory variables 
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(prices of substitute commodities, quantities of meat pro­
duced, income and tastes). The model does not include inven­
tory costs or changes, supply shifts, population changes or 
income changes during the period of a year, although these 
variables are allowed to change between years. Transportation 
costs are assumed to be independent of direction and volume of 
flow and products are assumed to be homogeneous. Entrepre­
neurs from all regions are assumed to be free to maximize 
profits by selling on the market which will yield the largest 
net profit. 
Conclusions 
In this study, optimum solutions for a spatial price 
equilibrium model of the livestock-meat economy of the United 
States were evaluated at two points in time. Changes over 
this period were examined under the conditions arising from 
four sets of assumptions; (1) value-of-service transportation 
costs, projected on the basis of those in effect in 1954, 
would continue to be in effect in 1965; (2) cost-of-service 
transportation costs would be in effect in 1965; (3) regional 
commercial slaughter capacity would be that projected on the 
basis of past commercial slaughter capacity in each region, 
referred to as restricted commercial slaughter; (4) regional 
commercial slaughter would be at the level which would mini­
mize total transportation costs, referred to as unrestricted 
commercial slaughter. 
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For the four sets of assumptions, changes in economic 
data which occurred between 1949 and 1959 were projected to 
1965 (see table 3) and used in a series of spatial price equi­
librium models, each of which yields an estimate of the opti­
mum prices and flows of trade for its specified set of assump­
tions. 
The solutions for models I through VI are shown in tables 
4 through 9. Tables 4 and 5 show the optimum least transpor­
tation cost solution for models of the livestock-meat economy 
of the United States for 1954, models I and II. Estimates of 
production, slaughter and consumption data are adjusted to be 
consistent with actual regional data for that year. In model 
I (table 4) estimates of value-of-service transportation costs 
were used while in model II (table 5), estimates of cost-of-
service transportation rates were used. 
Using projected regional data regarding livestock produc­
tion, commercial slaughter, human population and personal in­
come for 1965, four more equilibrium solutions were computed. 
In model III (table 6), the assumptions were the same as those 
in the first model for 1954 (model I), i.e., assumptions 1 and 
3 as shown above. Model IV (table 7) is similar except that 
cost-of-service transportation rates were used (i.e., assump­
tions 2 and 3). 
In models V and VI, the third and fourth models for 1965 
(tables 8 and 9), the restrictions on regional slaughter were 
removed (assumption 4 replaced assumption 3) and equilibrium 
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solutions were computed using data otherwise similar to models 
III and IV, first with value-of-service transportation costs 
and then with cost-of-service transportation costs. 
With regard to the evaluation of the solutions of the 
spatial equilibrium models, two observations must be made. 
First, the equilibrium prices differ only by the transporta­
tion cost between regions. The assumption that prices are 
known accurately with absolute precision introduces some ele­
ment of unreality insofar as this assumption ignores the vari­
ability included in any average price estimate, the inertia 
which prevents buyers and sellers from reacting immediately to 
any price change and the possible range of qualities which may 
lead to bargaining considerations at a fixed price or cause 
further price changes. Second, the shipments represent a 
least cost allocation of a predetermined amount of production 
among a number of markets in which each requirement is a lin­
ear demand function. Because the model minimizes with respect 
to transportation costs, the results for certain models may 
seem to be illogical, i.e., in table 4 calves are shipped from 
the Mountain region to the West Northcentral region, but veal 
moves from the West Northcentral to the Mountain region. Here 
the restriction on slaughter causes calves to move from the 
Mountain region to the West Northcentral region where they are 
slaughtered and the resulting veal moves from the West North-
central region to the Mountain region where it is consumed. 
When this restriction on slaughter is removed, slaughter in 
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the Mountain region increases and removes the necessity for 
the backhaul, thus reducing the total transportation bill. 
In spite of these technical problems in the use of spa­
tial price equilibrium models, relevant observations about the 
impact of cost changes on location can be made. 
When commercial slaughter in each region is restricted by 
the facilities available (assumption 3), changes in transpor­
tation costs in any one year from value-of-service rates to 
cost-of-service rates were associated with few significant 
changes in the equilibrium pattern of trade (model III com­
pared with model IV). Prices shifted slightly and consumption 
increased in the Northeast and the Pacific regions at the ex­
pense of the Midwest and Mountain regions because rates were 
relatively lower for long hauls than short ones. For all 
meats the surplus and deficit regions were the same and the 
pattern of shipments was generally the same. 
Over the period from 1954 to 1965 the impact of the 
change from value-of-service rates to cost-of-service rates 
changed the pattern of net trade even though the surplus and 
deficit regions remained the same. The Northeast and Pacific 
regions increased their consumption and reduced meat produc­
tion while the Northcentral region increased production. With 
regard to beef, the West Southcentral region became more im­
portant while the Mountain region declined in importance, ap­
parently due to the favorable position of the West South-
central region which can ship either west or east. Also, the 
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West Southcentral region increased beef production more rapid­
ly than the Mountain region. 
With regard to pork, the West Northcentral region became 
more important than any other region. Under 1954 conditions 
(table 4), the East Northcentral and the West Northcentral 
regions were surplus regions with the East Northcentral con­
tributing about 13 percent of the pork exported to other re­
gions and the West Northcentral contributing 87 percent. In 
1965 model IV shows the East Northcentral region contributing 
about 2 percent of the pork exported with the West North-
central region contributing 98 percent. 
Trends for veal and lamb and mutton are similar to those 
observed for beef and pork between 1954 and 1965 when cost-of-
service rates are used, with certain exceptions. As before, 
regions surplus for veal were more decentralized than for 
other meats because of the continuing influence of the dairy 
industry on veal production, and the imports of lamb and mut­
ton for the Pacific region increased as the Pacific region be­
came a slightly deficit region for lamb and mutton. 
When regional commercial slaughter is no longer restrict­
ed to projected levels, but is allowed to vary so that total 
transportation cost is minimized (assumption 4 replaces as­
sumption 3), the solutions of the models are dramatically dif­
ferent (tables 8 and 9). Because none of the restrictions 
which prevent plant owners from moving are present, the,least 
cost solution favors the location of slaughter in areas where 
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livestock is produced. Within the range of transportation 
costs used in this study, it is cheaper to slaughter live­
stock in supply areas and ship meat, rather than ship live­
stock and slaughter where meat is consumed. 
In model VI where regional slaughter in 1965 is unre­
stricted (assumptions 2 and 4, table 9), the heavily populated 
regions of the Northeast and far West produce significantly 
less meat than in model IV where the same transportation costs 
are used, but slaughter is restricted. 
This is most clearly seen in the case of pork where the 
Northcentral region supplies pork to all other regions in both 
cases and only a little less dramatic in the case of beef 
where the West Northcentral region is the dominant supplier 
along with the Southwest and Mountain regions, which become 
relatively more important in the unrestricted case. In the 
case of the other two meats — veal and lamb and mutton — 
veal production is more dispersed in both cases because of the 
influence of the location of the dairy industry. Lamb and 
mutton shipments change similarly to pork and beef with pro­
duction decreasing in heavily populated areas and increasing 
in the Midwest, particularly in the Mountain region. 
In model IV the Northcentral region accounts for about 85 
percent of beef exports and 97 percent of pork exports, while 
in model VI the West Northcentral region accounts for 77 per­
cent of the beef exports and 79 percent of the pork exports. 
Comparing model IV with model VI (table 7 and table 9), the 
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pattern for veal shows some changes. The East Northcentral 
region becomes deficit and the Mountain region replaces it as 
a surplus region. Removing slaughter restrictions does not 
change the pattern of trade for lamb and mutton except that 
the Mountain region exports considerably more lamb and mutton 
while other surplus regions export slightly less. All regions 
which were surplus when slaughter was restricted remain sur­
plus when this restriction is removed. 
a b 
Table 3. Basic data for spatial equilibrium model, by regions, 1954 and 1965 
Production of slaughter livestock 
Region Cattle Calves Hogs Sheep & lambs 
Ï954 1965 1954 1965 1954 1965 1954 1965 
(million pounds liveweight) 
Northeast 1,172 1,305 223 246 279 322 23 81 
E. Northcentral 4,685 6,457 373 338 5,288 6,186 206 238 
W. Northcentral 8,662 10,898 330 393 7,954 9,159 464 471 
South 2,093 2,293 660 728 1,390 1,758 99 149 
i 
W. Southcentral 2,821 3,317 893 921 376 352 115 115 
Mountain 2,093 2,014 194 217 124 91 370 403 
Pacific 1,632 2,200 138 177 142 126 237 287 
Total 23,158 28,484 2,811 3,020 15,553 17,944 1,514 1,744 
aSee (62). 
R^egional trends 1949-1958 projected to 1965. 
Table 3 (Continued) 
Human population and per capita disposable personal income 
Human population Income per capita 
1954 1965 1954 1965 
(1,000) (dollars) 
Northeast 44,516 50,446 1,584 2,279 
E. Northcentral 32,942 41,317 1,541 2,217 
W. Northcentral 16,612 16,293 1,186 1,707 
South 30,565 37,818 956 1,375 
W. Southcentral 15,343 18,327 1,119 1,610 
Mountain 5,680 7,955 1,266 1,822 
Pacific 16,683 23,544 1,640 2,360 
Total 162,341 195,700 
Table 3 (Continued) 
Commercial slaughter, liveweight 
Cattle Calves Hogs Sheep & lambs 
1954 1965 1954 1965 1954 1965 1954 1965 
(million pounds) 
Northeast 2,441 2,351 428 714 1,607 2,061 267 313 
E. Northcentral 5,331 5,449 601 803 4,204 4,293 202 241 
W. Northcentral 7,395 9,911 409 390 6,650 7,326 556 375 
South 1,881 2,730 383 372 1,558 2,423 23 151 
W. Southcentral 1,912 2,502 750 460 597 667 88 158 
Mountain 1,316 1,817 50 62 303 408 120 194 
Pacific 2,882 3,724 190 219 634 816 258 312 
Total 23,158 28,484 2,811 3,020 15,553 17,994 1,514 1,744 
Table 3 (Continued) 
Commercial slaughter, carcass weight 
Region Cattle Calves Hogs Sheep & lambs 
1954 1965 1954 1965 1954 1965 1954 1965 
(million pounds) 
Northeast 1,328 1,279 236 394 900 1,154 127 149 
E. Northcentral 2,901 2,965 331 443 2,354 2,404 96 115 
W. Northcentral 4,024 5,393 226 215 3,723 4,102 265 178 
South 1,022 1,485 211 205 872 1,357 11 72 
W. Southcentral 1,041 1,362 414 254 334 373 42 75 
Mountain 716 989 28 34 170 228 57 92 
Pacific 1,569 2,026 105 121 355 457 125 149 
Total 12,601 15,499 1,551 1,666 8,708 10,075 723 830 
Table 4a. Equilibrium solution, 1954, actual transportation costs, cattle 
Region 
Equi­
lib­
rium Slaugh­
Pro­
duc­ Net 
Origins and amounts 
Total 
price ter tion trade 3 4 5 6 
(cents) (million pounds) 
Northeast 24.26 2,441 1,172 -1,269 621 212 436 1,269 
E. North-
central 23.72 5,331 4,685 646 646 646 
W. North-
central 22.84 7,895 8,662 1,267 
South 22.91 1,881 2,093 212 
W. South-
central 22.71 1,012 2,821 909 
Mountain 22.88 1,316 2,093 777 
Pacific 24.02 2,882 1,632 -1,250 473 777 1,250 
23,158 23,158 1,267 212 909 111 
Table 4b. Equilibrium solution, 1954, actual transportation costs, beef 
lib- Pro- Origins and amounts 
Region rium Consump- due- Net Total 
price tion tion trade 3 5 6 
(cents) (million pounds) 
Northeast 61.71 3,875 1,328 -2,547 2,547 2,547 
E. North-
central 60.53 3,025 2,901 - 124 124 124 
W. North-
central 59.63 1,272 4,024 2,752 
South 61.48 1,429 1,022 - 407 81 192 134 407 
W. South-
central 59.59 849 1,041 192 
• 
Mountain 59.42 482 716 234 
Pacific 61.04 1,669 1,569 - 100 100 100 
12,601 12,601 2,752 192 234 
Table 4c. Equilibrium solution, 1954, actual transportation costs, calves 
Region 
Equi­
lib­
rium Slaugh­
ter 
Pro­
duc­ Net 
Origins and amounts 
Total 
price tion trade 4 5 6 
(cents) (million pounds) 
Northeast 23.24 428 223 -205 205 205 
E. North-
central . 23.07 601 373 -228 72 143 13 228 
W. North-
central 22.72 409 330 - 79 79 79 
South 22.26 383 660 J>7Z 
W. South-
central 22.03 750 893 
f 
143 
Mountain 21.90 50 194 Xlf 
Pacific 23.04 190 138 - 52 52 52 
2,811 2,811 277 143 144 
Table 4d. Equilibrium solution, 1954, actual transportation costs, veal 
Equi-
lib- Pro- Origins and amounts 
Region rium Consump- due- Net Total 
price tion tion trade 2 3 4 5 
(cents) (million pounds) 
Northeast 56.62 728 236 -492 12 111 89 280 492 
E. North-
central 55.12 319 331 12 
W. North-
central 54.54 110 226 116 
South 54.88 122 211 89 
W. South-
central 53.97 86 414 328 
Mountain 56.25 33 28 - 5 5 5 
Pacific 57.04 153 105 - 48 48 48 
1,551 1,551 12 116 89 328 
Table 4e. Equilibrium solution, 1954, actual transportation costs, hogs 
Region 
Equi­
lib­
rium Slaugh­
ter 
Pro­
duc­ Net 
Origins and 
amounts Total 
price tion trade 2 3 
(cents) (million pounds) 
Northeast 17.66 1,607 279 -1,328 1,084 244 1,328 
E. North-
central 16.68 4,204 5,288 1,084 
W. North-
central 16.41 6,650 7,954 1,304 
South 17.57 1,558 1,390 168 168 168 
W. South-
central 17.39 597 376 221 221 221 
Mountain 17.61 303 124 179 179 179 
Pacific 18.16 634 142 492 492 492 
15,553 15,553 1,084 1,304 
Table 4£. Equilibrium solution, 1954, actual transportation costs, pork 
Region 
Equi­
lib­
rium Consump­
tion 
Pro­
duc­ Net 
Origins and 
amounts 
Total 
price tion trade 2 3 
(cents) (million pounds) 
Northeast 71.12 2,365 900 -1,465 482 983 1,465 
E. North-
central 69.62 1,872 2,354 482 
W. North-
central 67.26 922 3,723 2,801 
South 69.11 1,606 872 - 734 734 734 
W. South-
central 68.87 819 334 - 485 485 485 
Mountain 68.97 282 170 - 112 112 112 
Pacific 70.12 842 355 - 487 487 487 
8,708 8,708 482 2,801 
Table 4g. Equilibrium solution, 1954, actual transportation costs, lambs 
lib- Pro- Origins and amounts 
Region rium S laugh- due- Net Total 
price ter tion trade 2 4 5 6 
(cents) (million pounds) 
Northeast 22.27 267 23 -244 4 76 164 244 
E. North-
central 21.29 202 206 4 
W. North-
central 21.72 556 464 - 92 27 65 92 
South 21.75 23 99 76 
W. South-
central 20.84 88 115 27 
Mountain 20.52 120 370 250 
Pacific 21.77 258 237 - 21 21 21 
1,514 1,514 4 76 27 250 
Table 4h. Equilibrium solution, 1954, actual transportation costs, lamb 
Region 
Equi­
lib­
rium Consump­
tion 
Pro­
duc­ Net 
Origins and amounts 
Total 
price tion trade 2 3 5 6 7 
(cents) (million pounds) 
Northeast 65.06 459 127 -332 32 231 31 21 17 332 
E. North-
central 63.56 64 96 32 
W. North-
central 62.98 34 265 231 
South 65.00 11 11 0 
W. South-
central 62.41 11 42 31 
Mountain 62.25 36 57 21 
Pacific 60.57 108 125 17 
723 723 32 231 31 21 17 
Table 5a. Equilibrium solution, 1954, cost-of-service transportation costs, cattle 
Region 
Equi­
lib­
rium Slaugh­
ter 
Pro­
duc­ Net 
Origins and amounts 
Total 
price tion trade 3 4 5 6 
(cents) (million pounds) 
Northeast 24.26 2,441 1,172 -1,269 621 212 436 1,269 
E. North-
central 22.96 5,331 4,685 646 646 646 
W. North-
central 22.46 7,395 8,662 1,267 
South 22.98 1,881 2,093 212 
W. South-
central 22.22 1,912 2,821 909 
Mountain 22.12 1,316 2,093 111 
Pacific 23.73 2,882 1,632 -1,250 473 111 1,250 
23,158 23,158 1,267 212 909 777 
Table 5b. Equilibrium solution, 1954, cost-of-service transportation costs, beef 
Region 
Equi­
lib­
rium Consump­
tion 
Pro­
duc­ Net 
Origins and amounts 
Total 
price tion trade 3 5 6 
(cents) (million pounds) 
Northeast 79.04 4,012 1,328 -2,684 2,684 2,684 
E. North-
central 78.08 3,107 2,901 - 206 206 206 
W. North-
central 77.25 1,105 4,024 2,919 
South 78.99 1,335 1,022 - 313 29 212 72 313 
W. South-
central 76.80 829 1,041 212 
Mountain 76.33 484 716 232 
Pacific 78.59 1,729 1,569 - 160 160 160 
12,601 12,601 2,919 212 232 
Table 5c. Equilibrium solution, 1954, cost-of-service transportation costs, 
calves 
Region 
Equi­
lib­
rium 
price 
Slaugh­
ter 
Pro­
duc­
tion 
Net 
trade 
Origins and 
4 5 
amounts 
6 Total 
(cents) (million pounds) 
Northeast 23.24 428 223 -205 205 205 
E. North-
-2&8 central 21.94 601 373 72 143 13 228 
W. North-
central 21.60 409 330 - 79 79 79 
South 21.03 383 660 227 
W. South-
central 20.57 . 750 893 143 
Mountain 20.64 50 194 144 
Pacific 22.25 190 138 - 52 52 52 
2,811 2,811 277 143 144 
Table 5d. Equilibrium solution, 1954, cost-of-service transportation costs, veal 
Equi-
lib- Pro- Origins and amounts 
Region rium Consump- due- Net Total 
price tion tion trade 2 3 4 5 
(cents) (million pounds) 
Northeast 56.85 727 236 - 491 12 117 90 272 491 
E. North-
central 55.33 319 331 12 
W. North-
central 54.91 109 226 117 
South 55.38 121 211 90 
W. South-
central 54.60 85 414 329 
Mountain 54.23 35 28 7 7 7 
Pacific 55.67 155 105 50 50 50 
1,551 1,551 12 117 90 329 
Table 5e. Equilibrium solution, 1954, cost-of-service transportation costs, hogs 
Region 
Equi­
lib­
rium Slaugh­
ter 
Pro­
duc­ Net 
Origins and 
amounts 
Total 
price tion trade 2 3 
(cents) (million pounds) 
Northeast 17.66 1,607 279 -1,328 1,084 244 1,328 
E. North-
central 16.35 4,204 5,288 1,084 
W. North-
central 15.59 6,650 7,954 1,304 
South 16.74 1,558 1,390 168 168 168 
W. South-
central 16.56 597 376 221 221 221 
Mountain 17.05 303 124 179 179 179 
Pacific 18.11 634 142 492 492 492 
15,553 15,553 1,084 1,304 
Table 5£. Equilibrium solution, 1954, cost-of-service transportation costs, pork 
Equi- Origins and 
lib- Pro- amounts 
Region $£e T" Son 2 3~ Total 
(cents) (million pounds) 
Northeast 77.30 2,398 900 -1,498 456 1,042 2,906 
E. North-
central 75.78 1,898 2,354 456 
W. North-
central 74.26 817 3,723 2,906 
South 76.00 1,616 872 - 744 744 744 
W. South-
central 75.78 821 334 - 487 487 487 
Mountain 75.74 283 170 - 113 113 113 
Pacific 76.75 875 355 - 520 520 520 
8,708 8,708 456 2,906 
Table 5g. Equilibrium solution, 1954, cost-of-service transportation costs, 
sheep and lambs 
Region 
Equi­
lib­
rium Slaugh­
Pro­
duc­
Origins and 
Net 
amounts 
Total 
price ter tion trade 2 4 5 6 
Northeast 
(cents) 
22.27 267 23 
(million pounds) 
- 244 4 76 164 244 
E. North-
central 20.96 202 206 4 
W. North-
central 20.85 556 464 92 27 65 92 
South 20.79 23 99 76 
W. South-
central 20.02 88 115 27 
Mountain 19.65 120 370 250 
Pacific 20.81 258 237 21 21 21 
1,514 1,514 4 76 27 250 
Table 5h. Equilibrium solution, 1954, cost-of-service transportation costs, 
lamb and mutton 
Region 
Equi­
lib­
rium Consump­
Pro­
duc­ Net 
Origins and amounts 
Total 
price tion tion trade 2 3 5 6 7 
Northeast 
(cents) 
72.51 421 127 -294 
(million pounds) 
61 233 294 
E. North-
central 70.99 35 96 61 
W. North-
central 70.57 19 265 246 
South 71.03 92 11 - 81 13 10 27 31 81 
W. South-
central 70.26 32 42 10 
Mountain 69.88 30 57 27 
Pacific 68.08 94 125 31 
723 723 61 246 10 27 31 
Table 6a. Equilibrium solution, 1965, estimated transportation costs, regional 
commercial slaughter restricted, cattle 
Region 
Equi­
lib­
rium Slaugh­
ter 
Pro­
duc­ Net 
Origins and amounts 
Total 
price tion trade 2 3 5 6 
(cents) (million pounds) 
Northeast 24.26 2,351 1,305 -1,046 1,008 38 1,046 
E. North-
central 23.13 5,449 6,457 1,008 
W. North-
central 22.37 9,911 10,898 987 
South 24.09 2,730 2,293 - 437 437 437 
W. South-
central 21.68 2,502 3,317 815 
Mountain 22.01 1,817 2,014 197 
Pacific 24.00 3,724 2,200 -1,524 512 815 197 1,524 
28,484 28,484 1,008 987 815 197 
Table 6b. Equilibrium solution, 1965, estimated transportation costs, regional 
commercial slaughter restricted, beef 
Region 
Equi­
lib­
rium Consump­
Pro­
duc­ Net 
Origins and amounts 
Total 
price tion tion trade 3 5 6 
(cents) (million pounds) 
Northeast 100.45 4,687 1,279 -3,408 3,408 3,408 
E. North-
central 98.36 3,959 2,965 - 994 781 213 994 
W. North-
central 97.11 1,204 5,393 4,189 
South 98.02 1,537 1,485 52 52 52 
W. South-
central 84.07 940 1,362 422 
Mountain 96.54 658 989 331 
Pacific 97.98 2,514 2,026 - 488 370 118 488 
15,499 15,499 4,189 422 331 
Table 6c. Equilibrium solution, 1965, estimated transportation costs, regional 
commercial slaughter restricted, calves 
Equi-
lib- Pro- Origins and amounts 
Region rium Slaugh- due- Net Total 
price ter tion trade 3 4 5 6 
(cents) (million pounds) 
Northeast 23.24 714 246 -468 3 310 155 468 
E. North-
central 22.48 803 338 -465 314 151 465 
W. North-
central 21.35 390 393 3 
South 21.15 372 728 356 
W. South-
central 20.77 460 921 461 
Mountain 20.56 62 217 155 
Pacific 22.56 219 177 - 42 42 42 
3,120 3,120 3 356 461 155 
Table 6d. Equilibrium solution, 1965, estimated transportation costs, regional 
commercial slaughter restricted, veal 
Region 
Equi­
lib­
rium Consump­
tion 
Pro­
duc­ Net 
Origins and amounts 
Total 
price tion trade 2 3 4 5 
(cents) (million pounds) 
Northeast 105.16 812 394 -418 55 132 154 77 418 
E. North-
central 103.07 388 443 55 
W. North-
central 102.27 83 215 132 
South 102.73 51 205 154 
W. South-
central 101.47 67 254 187 
Mountain 101.22 39 34 - 5 5 5 
Pacific 102.69 226 121 -105 105 105 
1,666 1,666 55 132 154 187 
Table 6e. Equilibrium solution, 1965, estimated transportation costs, regional 
commercial slaughter restricted, hogs 
Region 
Equi­
lib­
rium Slaugh­
ter 
Pro­
duc­ Net 
Origins and 
amounts 
Total 
price tion trade 2 3 
(cents) (million pounds) 
Northeast 17.66 2,061 322 -1,739 1,322 417 1,739 
E. North­
central 16.15 4,293 6,186 1,893 
W. North­
central 15.74 7,326 9,159 1,833 
South 17.32 2,423 1,758 - 665 571 94 665 
W. South-
central 17.08 667 352 - 315 315 315 
Mountain 17.38 408 91 - 317 317 317 
Pacific 18.18 816 126 - 690 690 690 
17,994 17,994 1,893 1,833 
Table 6f. Equilibrium solution, 1965, estimated transportation costs, regional 
commercial slaughter restricted, pork 
Region 
Equi­
lib­
rium Consump­
tion 
Pro­
duc­ Net 
Origins and 
amounts 
Total 
price tion trade 2 3 
Northeast 
(cents) 
95.08 2,596 1,154 
(million 
-1,442 
pounds) 
1,442 1,442 
E. North-
central 92.99 2,305 2,404 99 
W. North-
central 91.74 863 4,102 3,239 
South 92.65 1,793 1,357 - 436 99 337 436 
W. South-
central 91.39 946 373 - 573 573 573 
Mountain 91.17 391 228 - 163 163 163 
Pacific 94.83 1,181 457 - 724 724 724 
10,075 10,075 99 3,239 
Table 6g. Equilibrium solution, 1965, estimated transportation costs, regional 
commercial slaughter restricted, sheep and lambs 
Region 
Equi­
lib­
rium Slaugh­
ter 
Pro­
duc­ Net 
Origins and 
amounts Total 
price tion trade 3 6 
(cents) (million pounds) 
Northeast 22.27 313 81 -232 91 141 232 
E. North-
central 21.57 241 238 - 3 3 3 
W. North-
central 20.35 375 471 96 
South 21.93 151 149 - 2 2 2 
W. South-
central 20.83 158 115 - 43 43 43 
Mountain 19.58 194 403 209 
Pacific 21.32 312 287 - 25 25 25 
1,744 1,744 96 209 
Table 6h. Equilibrium solution, 1965, estimated transportation costs, regional 
commercial slaughter restricted, lamb and mutton 
Region 
Equi­
lib­
rium 
price 
Pro-
Consump- due- Net 
tion tion trade 
Origins and amounts 
Total 
(cents) 
Northeast 67.50 496 149 -347 
E. North-
central 65.41 71 115 44 
W. North-
central 64.61 30 178 148 
South 62.17 22 72 50 
W. South-
central 63.14 11 75 64 
Mountain 62.13 50 92 42 
Pacific 64.93 150 
830 
149 
830 
- 1 
(million pounds) 
44 148 50 
44 148 50 
64 
64 
41 347 
42 
Table 7a. Equilibrium solution, 1965, cost-of-service transportation costs, 
regional commercial slaughter restricted, cattle 
Equi-
lib- Pro- Origins and amounts 
Region rium S laugh- due- Net Total 
price ter tion trade 2 3 5 6 
(cents) (million pounds) 
Northeast 24.26 2,351 1,305 -1,046 1,008 38 1,046 
E. North-
central 22.74 5,449 6,457 1,008 
W. North-
central 22.14 9,911 10,898 987 
South 23.77 2,730 2,293 - 437 437 437 
W. South-
central 21.86 2,502 3,317 815 
Mountain 21.74 1,817 2,014 197 
Pacific 24.48 3,724 2,200 -1,524 512 815 197 1,524 
28,484 28,484 1,008 987 815 197 
Table 7b. Equilibrium solution, 1965, cost-of-service transportation costs, 
regional commercial slaughter restricted, beef 
Region 
Equi­
lib­
rium Consump­
tion 
Pro­
duc­ Net 
Origins and amounts 
Total 
price tion trade 3 5 6 
(cents) (million pounds) 
Northeast 100.45 4,690 1,279 -3,411 3,411 3,411 
E. North-
central 98.91 3,954 2,965 - 990 728 262 990 
W. North-
central 97.74 1,206 5,393 4,187 
South 98.32 1,533 1,485 48 48 48 
W. South-
central 97.31 937 1,362 425 
Mountain 96.79 660 989 329 
Pacific 98.05 2,518 2,026 - 492 425 67 492 
15,499 15,499 4,187 425 329 
Table 7c. Equilibrium solution, 1965, cost-of-service transportation costs, 
regional commercial slaughter restricted, calves 
Equi-
lib- Pro- Origins and amounts 
Region rium S laugh- due- Net Total 
price - ter tion trade 3 4 5 6 
(cents) (million pounds) 
Northeast 23.24 714 246 -468 356 112 468 
E. North-
central 22.71 803 338 -465 3 419 43 465 
W. North-
central 21.12 390 393 3 
South 21.73 372 728 356 
W. South-
central 20.84 460 921 461 
Mountain 20.72 62 217 155 
Pacific 23.46 219 177 - 42 42 42 
3,120 3,120 3 356 461 155 
Table 7d. Equilibrium solution, 1965, cost-of-service transportation costs, 
regional commercial slaughter restricted, veal 
Equi-
lib- Pro- Origins and amounts 
Region rium Con sump- due- Net Total 
price tion tion trade 2 3 4 5 
(cents) (million pounds) 
Northeast 105.16 820 394 -426 59 136 159 72 426 
E. North-
central 103.03 384 443 59 
W. North-
central 102.45 79 215 136 
South 103.10 46 205 159 
W. South-
central 102.03 61 254 193 
Mountain 103.58 40 34 6 6 6 
Pacific 104.27 236 121 -115 115 115 
1,666 1,666 59 136 159 193 
Table 7e. Equilibrium solution» 1965, cost-of-service transportation costs, 
regional commercial slaughter restricted, hogs 
Region 
Equi­
lib­
rium Slaugh­
Pro­
duc­ Net 
Origins and 
amounts 
Total 
price ter tion trade 2 3 
(cents) (million pounds) 
Northeast 17.66 2,061 322 -1,739 1,228 511 1,739 
E. North-
central 15.66 4,293 6,186 1,893 
W. North-
central 15.50 7,326 9,159 1,833 
South 17.07 2,423 1,758 - 665 665 665 
W. South-
central 16.83 667 352 - 315 315 315 
Mountain 17.50 408 91 - 317 317 317 
Pacific 18.39 816 126 - 690 690 690 
17,994 17,994 1,893 1,833 ' 
Table 7f. Equilibrium solution, 1965, cost-of-service transportation costs, 
regional commercial slaughter restricted, pork 
Region 
Equi­
lib­
rium Consump­
Pro­
duc­ Net 
Origins and 
amounts 
Total 
price tion tion trade 2 3 
(cents) (million pounds) 
Northeast 95.08 2,608 1,154 -1,454 103 1,351 1,454 
E. North-
central 92.95 2,301 2,404 103 
W. North-
central 92.37 855 4,102 3,247 
South 93.93 1,790 1,357 - 433 433 433 
W. South-
central 94.03 942 373 - 569 569 569 
Mountain 93.98 390 228 - 162 162 162 
Pacific 95.07 1,189 457 - 732 732 732 
10,075 10,075 103 3,247 
Table 7g. Equilibrium solution, 1965, cost-of-service transportation costs, 
regional commercial slaughter restricted, sheep and lambs 
Region 
Equi­
lib­
rium 
price 
Slaugh­
ter 
Pro­
duc­
tion 
Net 
trade 
Origins and 
amounts 
Total 
(cents) (million pounds) 
Northeast 22.27 313 81 -232 93 139 232 
E. North-
central 21.46 241 238 - 3 3 3 
W. North-
central 20.11 375 471 96 
South 21.68 151 149 - 2 2 2 
W. South-
central 20.48 158 115 - 43 43 43 
Mountain 19.23 194 403 209 
Pacific 21.36 312 287 - 25 25 25 
1,744 1,744 96 209 
Table 7h. Equilibrium solution, 1965, cost-of-service transportation costs, 
regional commercial slaughter restricted, lamb and mutton 
Region 
Equi­
lib­
rium Consump­
tion 
Pro­
duc­ Net 
Origins and amounts 
Total price tion trade 2 3 4 5 6 
(cents) (million pounds) 
Northeast 67.50 498 149 -349 45 149 53 63 39 349 
E. North-
central 65.38 70 115 45 
W. North-
central 64.79 29 178 149 
South 65.44 19 72 53 
W. South-
central 64.36 12 75 63 
Mountain 63.84 50 92 42 
Pacific 65.10 152 149 - 3 3 3 
830 830 45 149 53 63 42 
Table 8a. Equilibrium solution, 1965, estimated transportation costs, unre­
stricted regional commercial slaughter, beef 
Region 
Equi­
lib­
rium Consump­
tion 
Pro­
duc­ Net 
Origins and amounts 
Total 
price tion trade 3 5 6 
(cents) (million pounds) 
Northeast 100.45 4,691 710 -3,981 3,981 3,981 
E. North-
central 98.81 3,956 3,513 - 443 443 443 
W. North-
central 97.56 1,201 5,930 4,729 
South 98.19 1,533 1,248 - 285 285 285 
W. South-
central 96.76 941 1,805 864 
Mountain 96.54 659 1,096 437 
Pacific 97.98 2,518 1,197 -1,321 20 864 437 1,321 
15,499 15,499 4,729 864 437 
Table 8b. Equilibrium solution, 1965, estimated transportation costs, unre­
stricted regional commercial slaughter, veal 
Equi-
lib-
Region rium Consump 
price tion 
(cents) 
Northeast 105.16 814 136 
E. North-
central 103.52 386 186 
W. North-
central 102.27 83 216 
South 102.73 50 402 
W. South-
central 101.47 65 508 
Mountain 101.25 40 120 
Pacific 102.69 228 98 
1,666 1,666 
Origins and amounts 
Total 
3 4 5 6 
(million pounds) 
-678 352 326 678 
-200 133 67 200 
133 
352 
443 
80 
-130 117 13 130 
133 352 443 80 
Pro-
due- Net 
tion trade 
Table 8c. Equilibrium solution, 1965, estimated transportation costs, unre­
stricted regional commercial slaughter, pork 
Region 
Equi­
lib­
rium Consump­
tion 
Pro­
duc­ Net 
Origins and 
amounts 
Total 
price tion trade 2 3 
(cents) (million pounds) 
Northeast 95.08 2,597 180 -2,417 350 2,067 2,417 
E. North-
central 92.99 2,305 3,464 1,159 
W. North-
central 92.19 862 5,128 4,266 
South 94.27 1,793 984 - 809 809 809 
W. South-
central 94.52 944 197 - 747 747 747 
Mountain 94.44 388 51 - 337 337 337 
Pacific 96.30 1,186 71 -1,115 1,115 1,115 
10,075 10,075 1,159 4,266 
Table 8d. Equilibrium solution, 1965, estimated transportation costs, unre­
stricted regional commercial slaughter, lamb and mutton 
Region 
Equi­
lib­
rium Consump­
tion 
Pro­
duc­ Net 
Origins and amounts 
Total 
price tion trade 2 3 4 5 6 
(cents) (million pounds) 
Northeast 67.50 499 38 -461 43 197 52 42 127 461 
E. North-
central 65.41 70 113 43 
W. North-
central 64.61 28 225 197 
South 69.93 18 70 52 
W. South-
central 63.81 13 55 42 
Mountain 63.59 52 192 140 
Pacific 65.03 150 137 - 13 13 13 
830 830 43 197 52 42 140 
Table 9a. Equilibrium solution, 1965, cost-of-service transportation costs, 
unrestricted regional commercial slaughter, beef 
Region 
Equi­
lib­
rium Consump­
tion 
Pro-
' duc- Net 
Origins and amounts 
Total price tion trade 3 5 6 
(cents) (million pounds) 
Northeast 100.45 4,695 710 -3,985 3,985 3,985 
E. North-
central 99.87 3,955 3,513 - 442 442 442 
W. North-
central 97.74 1,200 5,930 4,730 
South 98.32 1,529 1,248 - 281 281 281 
W. South-
central 97.31 940 1,805 865 
Mountain 96.79 660 1,096 436 
Pacific 98.05 2,520 1,197 -1,323 22 865 436 1,323 
15,499 15,499 4,730 865 436 
Table 9b. Equilibrium solution, 1965, cost-of-service transportation costs, 
unrestricted regional commercial slaughter, veal 
Region 
lib-
rium Consump­
Pro­
duc­ Net 
Origins and amounts 
Total 
price tion tion trade 3 4 5 6 
(cents) (million pounds) 
Northeast 105.16 815 136 -678 352 327 679 
E. North-
central 103.62 385 186 -199 133 66 199 
W. North-
central 102.45 83 216 133 
South 103.10 50 402 352 
W. South-
central 102.02 64 508 444 
Mountain 101.50 40 120 80 
Pacific 102.76 229 98 -131 117 14 131 
1,666 1,666 133 352 444 80 
Table 9c. Equilibrium solution, 1965, cost-of-service transportation costs, 
unrestricted regional commercial slaughter, pork 
Region 
Equi­
lib­
rium Consump­
tion 
Pro­
duc­ Net 
Origins and 
amounts 
Total 
price tion trade 2 3 
(cents) (million pounds) 
Northeast 95.08 2,599 180 -2,419 352 2,067 2,419 
E. North-
central 92.96 2,301 3,464 1,163 
W. North-
central 92.37 860 5,128 4,268 
South 93.93 1,795 984 - 811 811 811 
W. South-
central 94.03 940 197 - 743 743 743 
Mountain 93.98 390 51 - 339 339 339 
Pacific 95.08 1,190 71 -1,119 1,119 1,119 
10,075 10,075 1,163 4,268 
Table 9d. Equilibrium solution, 1965, cost-of-service transportation costs, 
unrestricted regional commercial slaughter, lamb and mutton 
Region 
Equi­
lib­
rium Consump­
Pro­
duc­ Net 
Origins and amounts 
Total price tion tion trade 2 3 4 5 6 
(cents) (million pounds) 
Northeast 67.50 500 38 -462 44 197 54 42 125 462 
E. North-
central 65.37 69 113 44 -
W. North-
central 64.79 28 225 197 
South 65.44 16 70 54 
W. South-
central 64.36 13 55 42 
Mountain 63.84 52 192 140 
Pacific 65.10 152 137 - 15 15 15 
830 830 44 197 54 42 140 
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SUMMARY 
The objective of this study is to evaluate the impact of 
changes in transportation rates on the location of the meat 
packing industry. This was done by examining the relationship 
between location decisions and the economic framework in which 
they are made in order to show whether or not transportation 
costs could affect location decisions. Examination of the 
history of location decisions in the meat packing industry, 
moreover, showed some likelihood that transportation costs, 
among other factors, may have influenced past changes in loca­
tion. 
In an attempt to evaluate the impact of changes in trans­
portation costs on plant location, six spatial price equilib­
rium models were examined at two points in time. Changes over 
this period were evaluated under four sets of assumptions. 
That transportation cost changes from value-of-service 
rates to cost-of-service rates can exert a significant influ­
ence on prospective industry location is demonstrated by the 
fact that the optimum trade pattern shifted from one in which 
the West Northeentrai region exported 90 percent of the beef 
exports and 85 percent of the pork exports in 1954 (table 4) 
when value-of-service rates were used to one in which the West 
Northcentral region was the origin of 77 percent of the total 
beef exports and 79 percent of the pork exports in 1965 (table 
9) under the decentralizing influence of cost-of-service 
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transportation rates. 
The least cost solutions of these models revealed that 
the impact of changing from value-of-service rates to cost-of-
service rates was greatest in two areas : first, meat produc­
tion was reduced in the heavily populated areas, and second, 
the pattern of trade showed a tendency toward dispersion, es­
pecially when the slaughter restrictions were removed. 
A second aspect of the impact of transportation cost 
changes is also demonstrated by these models. Cost changes 
which lead to dramatic shifts when slaughter is unrestricted 
are associated with subtle, almost imperceptible pressures 
within any given year. This can be seen by examining the dif­
ferences between the solutions for any of the three sets of 
assumptions which were similar except for changes in transpor­
tation costs. In these cases small changes occur in equilib­
rium prices and amounts shipped, but the trading pattern per­
sists. Only when changes persist over a long period of time, 
or are made instantaneous and timeless by removing restric­
tions, do they elicit immediate response. The drastic shifts 
which occurred when restrictions on slaughter were removed 
are to be expected because these assumptions in effect cause 
all capital investment to become perfectly liquid. It is sim­
ilar to assuming that any plant can be moved to any region 
without cost. Changes which might actually occur only in re­
sponse to a cost situation which persists over a long period 
of time are thus pictured as occurring instantaneously. This 
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device, while unrealistic chronologically, is useful because 
it enables demonstration of the fact that changes in transpor­
tation cost, if maintained long enough, must be followed by 
changes in plant location if entrepreneurs are to minimize 
transportation costs. 
Thus, in spite of the fact that observers closely associ­
ated with the meat packing industry have indicated that be­
cause of the overwhelming importance of at least two other 
cost categories, transportation costs are not usually con­
sidered significant in location decisions, it must be conclud­
ed that changes in transportation cost can be expected to have 
a definite impact on location decisions in the meat packing 
industry. Situations in which this can occur have been demon­
strated, both historically and theoretically. Whether or not 
this impact is significant in any given instance depends on 
the complex of location factors with which it is included. An 
important aspect which affects the importance of any change in 
transportation costs is the expectations packers have regard­
ing the future. A cost change expected to be temporary will 
have no impact at all unless it is huge, while a small change 
which is expected to be permanent might prove highly impor­
tant. Any transportation cost change which packers expect to 
persist over a long period of time would be expected to be 
influential in location decisions. Whether or not the impact 
of this change proves to be significant, then, depends on the 
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complex of decision-making variables with which it is consid­
ered. 
With reference to possible future research, some of the 
refinements needed are better information about regional dif­
ferences in demand, labor costs and other components of proc­
essing costs. Valuable research contributions could be made 
by studying the actual regional price relationships and the 
impact of changes in these relationships. A more precise 
description of production, slaughter and consumption in each 
of the regions would enable interregional shipments to be 
described with less error. Finally, more precise estimates 
of alternative transportation patterns and their costs could 
be used advantageously in future studies. 
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APPENDIX A 
The Meat Industry in the United States before 1920 
The meat packing industry in America began when William 
Pynchon, a drover from Springfield, Massachusetts, in 1655 ex­
panded his operation from feeding and supplying live cattle to 
include the sale of meat, tallow, wool and packed pork for the 
West Indian trade (24, p. 372). Later, as the Indian menace 
lessened in the Merrimac Valley after the end of King Philip's 
War in 1676, livestock raising there and the associated live­
stock slaughtering increased and pork packing developed into a 
bustling meat trade (8, pp. 374-376). 
As the years passed, the New England colonies could not 
compete with Virginia and the Carolinas in supplying the West 
Indies with livestock and pork products. The cattle trade in 
the North, which centered in Boston, filled local needs and 
supplied barrelled meats for the fishing fleet (4, p. 36). 
It was only after the War of Independence and the west­
ward population migration that livestock raising shifted to 
the Ohio Valley. Two significant events occurred in 1794 (4, 
p. 43): the battle of Fallen Timbers ended Indian raids, and 
in western Pennsylvania the tax on whiskey incited a farmers' 
rebellion. Previously com had been an extremely profitable 
crop because it was possible to convert it into whiskey, bar­
rel it and move it by river to the population centers where it 
sold at a considerable profit. Only a few livestock were fed, 
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and those not necessary for home consumption were floated to 
New Orleans. Under the tax it was no longer profitable to 
convert com to whiskey. The farmers who previously made 
whiskey found that their best alternative was to market corn 
in livestock. Since the markets in New Orleans could not ab­
sorb this new influx of cattle and hogs, it was necessary to 
drive many livestock over the mountains to Philadelphia and 
Baltimore, but hogs deteriorated much more in quality during 
the trip and most of this drover business was cattle. Because 
pork was a much more desirable product when pickled and cured 
than was beef or mutton, the pork packing industry became im­
portant as hog raising increased with the production of com 
in the Ohio Valley. Because of its advantageous location 
Cincinnati drew much of the packing business, and as trade be­
came more important, a transportation network extended gradu­
ally in all directions, further consolidating the position of 
Cincinnati as the pork packing center of the United States (4, 
p. 75). Between 1830 and 1859 the consumption of livestock 
grown in the Ohio Valley had enormously increased, both in the 
East and in the South. 
In the decade 1820 to 1830 Cincinnati became the "Queen 
City of the West" and with a population of 25,000 was, except 
for New Orleans, the largest city in the West. It became the 
central market for the Ohio Valley and the pork packing center 
of the United States, a position which it retained until the 
Civil War (6, p. 26). Packing techniques developed in Europe 
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were brought to Cincinnati and pork packed there found its way 
around the world. The packing plants in the East, built to 
serve the growing urban population, were patterned after those 
in Cincinnati. 
By 1842 the railroads had begun to move west and in the 
fifties railroad building had progressed to the completion of 
the great trunk lines. Improvements in transportation came 
first with the extension of the rail network into the country 
west of the Alleghenies and north of the Ohio River up to the 
limits of Chicago and points on the Mississippi River (1852-
1854) (6, p. 26). The advent of the railroads put an end to 
droving fat livestock to market and made it possible for live­
stock fed in the West (Illinois and Iowa) to compete with, and 
later surpass, the Ohio Valley in production of fat livestock. 
By 1859 the transportation of livestock was the most important 
source of revenue to western railroads and the trunk lines 
which radiated from Chicago, Toledo and Cincinnati (23). 
Settlement had preceded the railroads into Iowa, Mis­
souri, Kansas and southern Minnesota, and when the rails moved 
across the Mississippi west of Chicago after 1850 a vast new 
area of actual and potential livestock production was made 
tributary to the established markets favored by the railroad 
network. The chief of these was Chicago (6, p. 26). Pre­
viously Milwaukee, because it was located nearer Buffalo, and 
Cincinnati, because of its river location, had been more im­
portant packing centers. But the traffic moved from the 
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north-south rivers to the more direct east-west railroad 
routes. Later the railroads intersected the cattle trails as 
they had the rivers earlier and contributed directly to build­
ing the Kansas City, Omaha and Chicago markets (6, p. 26). 
Because the packing houses in the larger cities like Chicago 
and Cincinnati had so many advantages over those in the small 
river towns, it was a foregone conclusion that the coming of 
the railroads would cause the livestock to be sent to market 
in the cities (6, p. 107). It was only after the first lines 
were built from Chicago that it began to be important as a 
packing center. 
During the Civil War Chicago assumed Cincinnati's place 
as center of the pork packing industry (4, p. 80). The rail­
roads had opened up potential livestock producing areas and 
the tremendous demand for meat for the troops was met by ex­
pansion of the facilities for packing in Chicago. Cincinnati 
was also moving increased quantities of meat to both northern 
and southern markets, but the Ohio Valley livestock production 
could not match the production of Illinois, Iowa, Missouri, 
Minnesota and the Great Plains which focused on Chicago. The 
Union Stockyards, opened on Christmas Day, 1865, became the 
great livestock market in the United States and Chicago the 
center of the livestock and meat industries. 
Before 1870 meat packing had been mainly concerned with 
pork which was salted, pickled and cured. Beef was mostly 
shipped live and slaughtered locally. Just before 1870 the 
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refrigerator car was invented and in the next few years the 
packing industry began the fight to market western dressed 
beef in the population centers. Those who had interests in 
the central markets, the eastern packers who didn't want com­
petition, the railroads who were equipped to move livestock 
and didn't want to see this rolling stock idled and the con­
sumers of that day were somewhat prejudiced against western 
dressed beef (4, p. 251). 
The organizational structure of the packers who were try­
ing to crack the resistance of the eastern markets in 1875-
1890 was vastly different from that of the packers who began 
in the 1850's. In the 1850's and I860's such men as P.D. 
Armour, Nelson Morris, G.F. Swift and Michael Cudahay were 
organizing packing plants and by 1885 were centered around the 
central market offered by the Union Stockyards in Chicago. By 
1885, when the fight to market western dressed beef in the 
East was at its bitterest, Swift and Company had a capital 
valuation of $3 million and Armour and Company was doing a 
yearly business in excess of $12 million (4, p. 162). These 
powerful corporate giants met the railroads' resistance by 
building and maintaining their own refrigerator cars; by sel­
ling directly to retailers and by buying into partnerships 
with eastern wholesalers; and by developing their processing 
efficiency to the point where they could sell dressed meats 
more cheaply in the East than could the local packers. They 
made larger and larger inroads on the eastern markets until 
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finally, when the ice crop failed in 1889-1890 and local beef 
supplies were short, the butchers were forced to turn to 
western dressed meats (4, p. 251). Following this, acceptance 
of western dressed meats has been widespread. 
The packing industry and the central markets had grown 
together with the packers owning many of the market facili­
ties. The consent decree of 1920 forced the packers to aban­
don many interests outside meat packing. Some packers owned 
their plants, storage warehouses, had interests in railroads 
and stockyards and many by-product industries. These invest­
ments committed them to a continuation of their operations on 
a centralized basis. Further, the necessity for a very large 
supply of capital needed to effect the livestock transfers 
from farmer to packer and for capital investment gave the well 
established packers a great advantage over the smaller ones 
(6, p. 29). In such a situation, the larger packers grew 
still larger and became the target of the ill will of many 
groups who felt that packers were benefitting from a monopoly 
position in the markets. The distribution mechanism of the 
packers was investigated by the Senate as early as 1889, when 
in a series of investigations it was found that profits in the 
meat industry were not unusually great. The committee left 
the impression, however, that the combinations were not bene­
ficial to the public. Pressure continued largely because of 
the rather stable share of the market held by the five larger 
packers who supplied 40 percent of the national market and 70 
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percent of the meat moving in interstate commerce (4, p. 748). 
A further investigation was directed toward the "Veeder-
pools" which the packers used to prevent gluts of the market. 
In 1902 the packers were defendants in a bill in which they 
were charged with suppressing competition. Several indict­
ments were handed down by a grand jury in 1905, but the 
Supreme Court of the District of Columbia granted the famous 
"immunity bath" for the individuals concerned and the govern­
ment dismissed the case (38, Chapter IV). Public opinion was 
incensed by the decision. A great deal of concern was felt 
about sanitary conditions in the industry, as well as about 
the monopoly elements many thought were effective, even though 
various investigations and reports had held that profits were 
not excessive. After the "muckraking" articles of 1905 and 
the publication of such books as Upton Sinclair's The Jungle, 
an act was passed to extend federal meat inspection to meats 
and meat products at all stages of processing, curing and 
canning. This act was applied to all meat products moving in 
interstate commerce. 
The packers themselves added to the ill will they faced 
by forming the National Packing Company in 1903. Three of the 
largest packers — Armour, Swift and Morris — formed the com­
pany at a time when trusts were being formed in many fields 
and the public and the government were making a great protest 
against monopolies. The company was indicted under the 
Sherman Anti-Trust Act in 1910 and judged not guilty, but the 
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National Packing Company was dissolved shortly after because 
it was not financially successful. 
The First World War brought a tremendous «demand for meat 
and large profits to the packers. As a result, they were the 
target of an investigation by the Federal Trade Commission 
which condemned certain packers for monopoly practices and 
even recommended that the large individual packing companies 
be broken up. Following this investigation the packers nego­
tiated an agreement with the Attorney General in which they 
agreed to give up their interests in public stockyard com­
panies and stockyard terminal railroads, to refrain from dis­
tributing food and groceries unrelated to the meat packing in­
dustry, to refrain from selling meat at retail, from holding 
interests in public cold storage plants and from selling milk 
or cream. These restrictions were the elements of the Palmer-
Packer agreement negotiated by Attorney General Palmer and em­
bodied in the "Consent Decree" of 1920 (4, p. 783). The de­
cree was returned despite the fact that the packers were not 
found guilty of breaking any law --on this basis they later 
attempted to have the decree voided. The motion was denied on 
the basis that the decree was an injunction rather than a 
judgement (38). The decree, which had been suspended in 1925, 
was reinstated in 1929. 
The Packers and Stockyard Act, enacted in 1929, empowered 
the Secretary of Agriculture to supervise and control packers, 
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stockyard companies, and commission men in certain aspects of 
their operations in order that monopolies might be prevented. 
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APPENDIX B 
Principal Rail Routes (70, p. 10) 
(1) The Trunk Line route serves the Northeast, connect­
ing Chicago and St. Louis with the North Atlantic ports. 
These railroads generally terminate at the Mississippi, Ohio, 
Potomac and Hudson Rivers. Leading representative railroads 
include the New York Central, Pennsylvania, Baltimore and 
Ohio, Chesapeake and Ohio and the Erie. Connecting lines such 
as the New York, New Haven and Hartford and the Boston and 
Albany serve New England. 
(2) The Southeastern route roughly parallels the At­
lantic Coast, east of the Appalachian Mountains. These rail­
roads serve Alabama and Florida ports, connecting with Trunk 
Line tracks at Richmond, Norfolk or Washington, D.C. Repre­
sentative lines include the Southern, Atlantic Coast Line and 
the Seaboard Air Line. The Central of Georgia serves only the 
southern end of the route, and an important northern bridge 
line is the Richmond, Frederickstown and Potomac. 
(3) The Southeast-Northwest route extends from Atlanta 
to Chicago. Most carriers do not serve the entire distance 
but interchange at Ohio River crossing points. The Southern 
and the Louisville and Nashville serve that portion of the 
route south of the Ohio River. Major connections are with 
carriers serving Chicago. These include the Chicago and East­
ern Illinois, the Chicago, Indianapolis and Louisville and the 
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Chesapeake and Ohio. The Birmingham-Chicago route of the 
Illinois Central competes for part of the traffic. 
(4) The Mississippi Valley route connects the central 
states with Louisiana and Alabama ports. The Illinois Cen­
tral, serving the entire length of the route, and the Gulf, 
Mobile and Ohio operate on the east bank. The Missouri Pacif­
ic is on the west bank. Northern connections include the 
Wabash and the Chicago and Eastern Illinois. 
(5) The Granger railroads serve the states of Illinois, 
Iowa, Kansas, Missouri, Nebraska, Minnesota, South Dakota and 
North Dakota. Interchange is made with Southwestern or Mis­
sissippi Valley routes, forming a link between the Trunk Line 
and Transcontinental routes. Included in the group are the 
Chicago, Burlington and Quincy and the Chicago and Northwest­
ern. The Chicago, Rock Island and Pacific operates through 
the area in connection with its transcontinental route. 
(6) The Southwestern route connects the Texas Gulf ports 
with Chicago, St. Louis and Kansas City. Major lines in this 
service are the Chicago, Rock Island and Pacific, the St. 
Louis-San Francisco (a transcontinental route) and the Mis­
souri Pacific (a Mississippi Valley route) claims part of this 
traffic. 
(7) The Northern Transcontinental route, like all other 
so-called transcontinental routes, does not operate from coast 
to coast. Rather, railroads in this group connect Chicago 
with the North Pacific Coast cities. Representative lines 
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include the Chicago, Milwaukee, St. Paul and Pacific, the 
Great Northern and the Northern Pacific. Chicago connections 
are made through subsidiaries in some instances. 
(8) The Central Transcontinental route includes the 
Union Pacific with its eastern terminus at Omaha and branch­
ing lines from Salt Lake City to Los Angeles and the Puget 
Sound area. A popular central freight route utilizes these 
three railroads: the Chicago, Burlington and Quincy, the 
Denver and Rio Grande Western and the Western Pacific. 
(9) The Southern Transcontinental route extends from 
Chicago to major California ports via Texas. The Atchison, 
Topeka and Santa Fe serves this route in its entirety and the 
Southern Pacific operates most of the distance. 
(10) The Pacific Coast route roughly parallels the 
Western coastline. It is served primarily by the Southern 
Pacific and extensions of the Great Northern. 
Figure 10. Principal rail routes of the United States (70). 
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APPENDIX C 
le 10 
Year 
1920 
1925 
1930 
1935 
1940 
1945 
1950 
1955 
1958 
1920 
1925 
1930 
1935 
1940 
1945 
1950 
1955 
1958 
Federally inspected slaughter, by regions, as a percent of total 
federally inspected at 5-year intervals from 1920-1958 
Region 
North- E. North- W. North- W. South­
east central central South central Mountain Pacific 
Cattle 
12.4 35.8 37.6 0.6 7.8 2.0 3.8 
10.5 32.7 41.7 0.7 9.0 1.7 3.7 
10.1 32.3 43.6 0.8 7.3 1.9 4.0 
9.6 29.4 41.3 1.7 10.3 2.4 4.3 
9.3 28.6 43.0 2.2 9.7 2.5 4,7 
10.0 23.1 38.4 2.2 10.2 3.9 12.2 
8.2 23.7 40.9 2.1 9.3 4.9 11.0 
7.9 19.8 38.3 2.9 12.2 6.1 12.7 
8.1 20.4 40.2 2.7 10.4 6.6 11.7 
Calves 
25.9 37.7 25.3 0.7 8.5 0.8 1.1 
21.9 33.2 28.9 0.7 13.0 0.7 1.6 
23.0 34.5 29.2 0.6 10.7 0.8 1.2 
21.7 30.2 32.8 1.0 11.8 1.1 1.4 
21.3 33.3 29.4 2.0 11.9 0.8 1.3 
11.7 28.6 29.8 3.7 18.8 1.2 6.2 
17.4 33.1 23.7 4.4 14.8 0.9 5.7 
17.8 31.6 21.2 5.6 16.4 1.2 6.4 
18.3 34.6 17.2 7.9 15.3 0.6 6.1 
le 10 
Year 
1920 
1925 
1930 1935 
1940 1945 
1950 
1955 
1958 
1920 1925 
1930 
1935 
1940 
1945 
1950 
1955 
1958 
(Continued) 
Region 
North- E. North- W. North- W. South­
east central central South central Mountain Pacific 
Hogs 
17.9 35.7 39.0 1.9 2.8 1.1 1.6 
17.1 31.8 42.9 1.6 2.9 1.3 2.4 14.9 33.7 43.2 1.7 2.9 1.4 2.2 16.7 32.2 40.7 2.0 4.2 1.5 2.7 11.7 30.3 46.8 2.5 3.9 1.6 3.2 
11.4 28.0 47.1 2.8 4.6 1.9 4.2 9.3 26.0 48.1 3.5 6.9 1.9 4.3 9.6 23.7 49.4 4.0 6.9 1.8 4.6 9.7 24.3 47.8 5.1 7.7 1.7 3.7 
Sheep and lambs 
23.1 32.9 33.1 0.1 1.7 2.7 6.6 24.9 29.9 35.8 0.1 1.4 1.5 6.5 26.4 23.7 41.2 0.1 1.9 1.7 5.0 23.1 25.1 40.8 0.1 3.5 1.9 5.9 20.1 20.9 44.9 0.1 5.7 2.3 6.0 13.6 16.0 41.7 0.1 8.6 5.0 15.0 
19.5 12.3 40.2 — — — 6.6 7.0 14.5 18.3 10.0 38.1 — — — 8.8 9.0 15.9 17.4 10.0 35.7 — — — 9.0 12.7 15.1 
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APPENDIX D 
Table 11. Estimated freight rates by rail from point to point in cents 
per 100 pounds for livestock and fresh meats for 1954 
Origin 
Destination 
New 
York Chicago Omaha Atlanta Dallas Denver Fresno 
New York 
Chicago 
Omaha 
Atlanta 
Dallas 
Denver 
Fresno 
97.1 
162.1 
97.6 
155.1 
192.8 
88.3 
80.9 
104.1 
117.0 
Cattle and calves 
85.8 
71.6 
82.4 
150.9 
97.4 
109.5 
113.1 
155.4 
Swine 
68.8 
69.6 
30.5 
187.4 
72.1 
155.4 
89.3 
34.9 
156.3 
193.9 
131.4 
114.3 
New York 
Chicago 
Omaha 
Atlanta 
Dallas 
Denver 
Fresno 
98.2 
124.6 
101.1 
170.0 
175.0 
67.1 
92.3 
96.0 
67.1 
97.6 
92.3 
115.6 
96.0 
97.6 
127.3 
119.5 
198.6 
175.4 
255.0 
176.0 
125.0 
\ 
Table 11. (Continued) 
Destination 
Origin  ^
York Chicago Omaha Atlanta Dallas Denver Fresno 
Fresh meat 
New York —  —  —  m mm mm M  —  —  138.8 ^  —  —  —  —  
Chicago 150.2 —  —  —  89.7 141.9 141.3 —  —  —  306.0 
Omaha 207.8 89.7 —  —  —  184.9 161.3 170.7 286.3 
Atlanta 174.3 159.6 165.3 —  —  —  158.6 —  —  —  —  —  —  
Dallas 265.1 165.7 163.2 158.6 212.0 306.5 
Denver 280.5 192.0 —  —  —  205.8 —  —  —  133.0 
Fresno 474.3 —  —  - — - — 371.0 - - -
Cured meat 
New York * mm •» 90.6 119.0 100.2 me»* 
Chicago 92.5 —  86.0 101.0 114.9 — —  —  175.5 
Omaha 125.1 69.0 mmmimm 135.7 132.8 141.2 201.0 
Atlanta —  —  —  — — — —  —  —  —  166.5 
Dallas 182.0 116.6 92.0 120.6 —  —  —  —  — —  153.8 
Denver W W  —  —  —  —  » —  —  —  •• •• • 
Fresno 182.2 177.0 232.3 —  —  —  — — — —  —  —  *  —  *  
Table 12. Estimated cost-of-service rail rates from point to point in cents 
per 100 pounds for livestock and fresh meats for 1954 
Origin New 
York Chicago Omaha 
Destination 
Atlanta Dallas Denver Fresno 
New York 
Chicago 
Omaha 
Atlanta 
Dallas 
Denver 
Fresno 
129.5 
180.1 
128.4 
204.1 
214.2 
98.1 
106.4 
137.0 
130.0 
Cattle and calves 
124.3 
103.8 
116.1 
212.5 
91.0 
111.7 
139.6 
158.6 
Swine 
70.2 
100.9 
31.1 
101.5 
225.2 
129.4 
49.2 
220.1 
281.0 
190.4 
161.0 
ON 
vo 
New York 
Chicago 
Omaha 
Atlanta 
Dallas 
Denver 
Fresno 
130.9 
141.6 
120.4 
202.4 
198.9 
76.2 
109.9 
114.3 
104.9 
114.5 
109.1 
96.6 145.7 213.9 
152.4 
Table 12. (Continued) 
Origin 
New York 
Chicago 
Omaha 
Atlanta 
Dallas 
Denver 
Fresno 
New York 
Chicago 
Omaha 
Atlanta 
Dallas 
Denver 
Fresno 
New 
York Chicago Omaha 
Destination 
Atlanta Dallas Denver Fresno 
151.7 
194.2 
147.7 
224.7 
262.1 
443.3 
99.5 
136.0 
198.0 
83.8 
135.3 
140.4 
179.4 
97.4 
75.0 
192.4 
Fresh meat 
110.9 
109.5 
141.6 
144.8 
174.4 
113.3 
194.2 
350.0 
Cured meat 
120.2 
86.9 
198.5 
100.2 
101.0 
130.5 
96.5 
144.2 
152.2 
106.4 
114.9 
127.7 
148.4 
142.3 
120.7 
294.2 
249.0 
205.7 
115.7 
o 
177.3 
171.8 
Table 13. 
Origin 
Estimated freight rates byNc^ il from point to point in cents 
per 100 pounds for livestock and fresh meats for 1965 
Destination 
New 
York Chicago Omaha Atlanta Dallas Denver Fresno 
New York 
Chicago 
Omaha 
Atlanta 
Dallas 
Denver 
Fresno 
113.3 
189.1 
113.8 
180.9 
224.9 
144.6 
132.6 
170.5 
191.7 
Cattle and calves 
182.9 
152.6 
175.6 
321.6 
207.6 
233.5 
241.0 
331.3 
146.6 
148.3 
65.0 
372.5 
143.4 
308.9 
177.5 
69.4 
272.3 
337.8 
228.9 
199.2 
New York 
Chicago 
Omaha 
Atlanta 
Dallas 
Denver 
151.0 
191.6 
155.5 
261.4 
269.1 
122.3 
168.2 
175.0 
Swine 
91.8 
133.6 
126.4 
158.3 
131.4 
133.6 
174.2 
163.6 
276.5 
244.3 
355.1 
245.1 
174.0 
Table 13. (Continued) 
Destination 
York Chicago Omaha Atlanta Dallas Denver Fresno 
Fresh meat 
New York W —  —  —  —  —  125.3 —  —  —  w —  —  
Chicago 209.1 — — — — — * 128.1 152.9 —  330.9 
Omaha 289.3 124.8 mtmmmm 166.9 174.5 184.6 309.7 
Atlanta 242.7 222.2 230.2 —  —  —  171.5 — 
Dallas 369.1 230.7 227.3 143.2 —  — —  229.3 331.6 
Denver 390.6 267.4 —  — —  185.7 mm mm mm —  —  —  143.8 
Fresno 660.8 —  —  —  m»wm mm 334.8 — — — —  —  —  
Cured meat 
New York mm «m mm 203.8 220.0 185.4 mm mm «• mm —mm 
Chicago 208.2 —  —  —  159.1 186.9 126.6 «>*> — 193.5 
Omaha 281.4 155.2 —  —  —  251.1 146.4 155.7 221.6 
Atlanta — — — — — — —  — —  183.5 
Dallas 409.5 262.4 170.1 223.0 —  —  —  w-ee- 169.6 
Denver —  —  —  —  — —  —  — —  —  —  —  —  —  —  — 
Fresno 410.0 398.2 429.6 —  — —  —  —  —  —  —  —  —  —  —  
Table 14. Estimated cost-of-service rail rates from point to point in cents 
per 100 pounds for livestock and fresh meats for 1965 
Origin 
Destination 
New 
York Chicago Omaha Atlanta Dallas Denver Fresno 
New York 
Chicago 
Omaha 
Atlanta 
Dallas 
Denver 
Fresno 
152.4 
212.0 
151.1 
240.0 
251.8 
158.6 
172.2 
221.3 
210.1 
Cattle and calves 
250.4 
208.5 
233.4 
427.7 
183.2 
225.0 
280.8 
319.0 
141.0 
202.8 
62 .6  
193.2 
428.3 
246.2 
93.4 
375.2 
478.8 
324.4 
274.3 
New York 
Chicago 
Omaha 
Atlanta 
Dallas 
Denver 
200.2 
216.4 
184.0 
309.3 
303.8 
135.2 
194.4 
202.3 
Swine 
144.1 
157.4 
149.8 
132.9 200.3 298.6 
212.9 
Table 14. (Continued) 
Origin 
New 
York Chicago Omaha 
Destination 
Atlanta Dallas Denver Fresno 
New York 
Chicago 
Omaha 
Atlanta 
Dallas 
Denver 
Fresno 
211.8 
271.2 
206.2 
313.6 
365.9 
619.5 
117.0 
188.8 
196.1 
250.2 
Fresh meat 
154.9 
153.1 
126.2 
129.0 
155.5 
100.8 
172.8 
157.0 
165.6 
115.9 
311.5 
161.4 
154.8 
320.2 
270.0 
224.0 
125.8 
Cured meat 
New York 
Chicago 
Omaha 
Atlanta 
Dallas 
Denver 
Fresno 
208.8 
285.4 
416.0 
204.5 
157.5 
404.0 
215.2 
155.8 
355.8 
179.6 
181.1 
233.9 
172.8 
127.4 
141.6 134.1 
196.9 
190.5 
